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ABSTRACT 
Children are the most vulnerable segment that suffers from various kinds and 
grades of malnutrition and nutritional deficiencies. Childhood inadequacies will 
certainly have irreversible and serious consequences in the adulthood. Any deviations 
from the growth parameters and deficiencies in childhood are easily detectable. If 
these are assessed at the earliest, remedial measures can be introduced to improve 
their nutritional status, as this is a period where in dietary deficiencies can be 
improved more easily than in later years. Intervention at the right juncture and 
subsequent rectification will thus relieve the humanity from the burden of both 
physical and mental agony from the resultant under nourishment. 
The concern for children health has assumed a special significance in 
developing countries. There are numerous factors that contribute to its widespread 
prevalence. Realizing this fact the present cross sectional study was undertaken 
among 2582 children (1218 boys and 1364 girls) aged 5 to 15 years studying in 1^ ' to 
lO"^  standards in the selected schools of Aligarh city. It was designed with the 
following objectives: (1) To assess the status of growth and development of school 
children both boys and girls by using anthropometric measurements. (2) To evaluate 
age and sex wise prevalence of underweight, stunting and wasting among school 
children. (3) To assess the differences in nutritional status by child, family and social 
factors. (4) To study the dietary habits and nutritional intake and examine association 
of food intake and nutritional status. (5) To assess the magnitude of nutritional 
deficiency diseases among school children by general clinical observation. (6) To 
assess the prevalence of Iodine deficiency disorders by clinical and biochemical 
examination of urine iodine excretion level, and (7) To study the association between 
the prevalence of Iodine deficiency disorders by child, family and social factors. 
The study has identified anthropometrical variations in children, which is 
indicative of under nutrition. It also ascertained the different grades of nutritional 
status prevailing in children. The relevant data on child, family and social status has 
revealed the degree and extent of cause effect relationship of these variables on 
nutritional status of the children The clinical examination of children has revealed 
the extent of various deficiency diseases prevailing in children The in-depth clinical 
examination of children indicated the presence of different grades of goitre 
prevalence The data analysis revealed the magnitude of various social factors 
influencing the goitre prevalence The biochemical analysis has shown iodine content 
in urine and revealed the current iodine status of the children 
The children were screened for anthropometric measures and for other child, 
family and social status related information The majorities of children were either 
first or second born and had family size of four members or less The families were 
found to be mostly nuclear The per capita monthly income of the majority group 
was less than Rs 1769 per month Most fathers of the children were college educated 
and belong to the service class A very low percentage of mothers of the children had 
college education and percentage of the working mothers was also low 
The study has indicated that the mean weight of boys was consistently lower 
than ICN4R well to do children differing from 2 5 kg to 9 43 kg across the ages 
When compared with ICMR standard, the boys weighed 71 4 to 87 01 percent of 
ICMR standards The mean weight of girls was also lower than well to do children 
differing from 3 43 kg to 13 97 kg across the ages and they weighted 67 43 per cent 
to 89 72 per cent of ICMR standards Mean weight of the boys was marginally better 
than that of the girls Nevertheless, the boys were found to be heavier than girls up to 
9 years and fiom 10 to 12 years, the differences between boys and girls were very 
marginal and then from 13 years onwards boys surpassed girls in weight 
Results on height of boys indicated that boys were shorter than well to do 
boys of ICMR by 2 95 cm to 9 33 cm from 5 year to 15 years and were measuring 
93 03 to 98 31 per cent of ICMR standard Similarly, the girl's stature differed on the 
negative side ranging from 2 18 to 12 79 cm and showed 88 6 to 96 61 percent of 
ICMR standard statures On comparison between the mean height of boys and girls, 
the result shows that boys have significantly higher height than girls except for the 
age group 7, 8,9, 11 and 12 years Adolescent spurt of growth appeared from the 9^ '' 
year onwards in girls and from lO" yeai onward in boys Maximum gain in height 
occurred between 10 to 12 years in girls and from 13 to 15 years in boys 
On comparison between the mid arms circumference of girls and boys, the 
study revealed that the boys had significantly higher mid arm circumference than the 
girls at age 8,9,11,12 14 and 15 years A reverse trend was observed in case of the 
triceps skin folds thickness of girls which showed a significantly greater values than 
those of boys for all ages except at 10 years age group, where the triceps skin fold of 
girls were marginally lower than boys due to the onset of pre-adolescent period which 
occurred earlier in girls than boys 
The study depicts a true image of the health status of school children of 
Aligarh The children had lower height and weight as compared to most international 
and national studies Their growth standards, however, are equally comparable to 
figures only from very few studies reported 
The findings revealed a direct correlation between nutritional status and 
confounding factors like increased birth order, literacy and educational level of 
mothers, inadequate health related knowledge, occupational status of mothers, poor 
hygiene conditions, occupation of both fathers and mothers and income level These 
factors m turn affect the socio-economic conditions and have significant bearing on 
the growth status of the children It can be concluded from the study that Aligarh 
children were lagging behind physical development when compared to ICMR and 
NCHS standards The lagging is more in weight than in stature and hence, there is a 
considerable room to improve the school children physical status 
For assessing the nutritional status foi each age group by sex, the weight and 
height measurement were converted into weight for age (underweight), height-for-age 
(stunting) and weight for height (wasting) for each child into different nutritional 
grades The percentage of boys showing normal weight for age after statistical 
analysis was found to be 18 6 per cent with 81 4 percent underweight children When 
grade I, II and III were considered together for boys the pievalence ranged from a 
minimum 57 9 per cent in 15 yeais to a maximum of 96 per cent for 7 year old In 
case of girls of 5 to 15 years 15 7 per cent were found to be in the normal grade with 
84 3 per cent underweight When grade I, II and III undernourished children were 
clubbed together the prevalence of overall undernourishment children ranged from a 
mmimum 54 8 per cent in 14 and 15 years to 96 7 per cent for 7 year old girls The 
overall prevalence of underweight for both boys and girls were 82 9 per cent 
The age wise analysis revealed that for both boys and girls, a higher rate of 
prevalence of undernourishment was observed for the younger age group up to 12 
years of age and from 13 years onwards a comparatively lower prevalence was 
observed in the children 
On comparison of overall prevalence of under nutrition between boys and 
girls, again the girls showed a high prevalence of 84 33 per cent where as boys figure 
stood at 81 4 per cent Similarly the prevalence of underweight in the study was 
higher among the girls than the boys The higher prevalence in girls than boys may be 
attributed to the fact that the child rearing practices for male children is more careful 
than female children in our male dominated society The preferential treatment and 
feeding of male children over female has been commonly observed 
The findings revealed that out of 1218 boys, 56 per cent fall within normal 
range of height for age with 36 8 per cent in grade I, 6 7 per cent in grade II of 
stunting Only 0 41 per cent was found in grade III category of stunting 
The analysis showed that in case of girls, out of 1364 subjects, 36 2 per cent 
were found in the normal grade, with 50 1 per cent in nutritional grade I, and 12 8 per 
cent in grade II and 0 9 per cent in grade III nutritional status The overall analysis 
revealed that the total prevalence of stunting was 54 5 per cent with 43 88, 9 95 and 
0 6 percent in grade I (mild), grade II (moderate) and grade III (significant) stunted 
children respectively 
In comparing the growth status of Aligarh children with other growth studies 
in India the findings were not in total agreement It was observed that with regard to 
some studies there was a similarity and for others a high prevalence rate was observed 
in the present study 
On age wise analysis, the study observed that as in case of underweight a 
higher prevalence of stunting for both boys and girls was found in young children in 
the age group of 5,6 and 9 years with a minimum prevalence in 14 and 15 years 
It has been reported that as long as height-for-age is stable after the minimum 
age of school enrolment (6 years) then there is little or no catch-up growth and 
heights for age at 8 or 9 years reflects the effect of early childhood nutrition In the 
present study, the children in the age group of 5, 6 and 9 years were found to be 
suffering from higher rates of stunting, thus reflecting the nutritional deprived 
condition during the early years of life 
On comparison between girls and boys the overall prevalence of stunting 
showed that more girls than boys are experiencing different forms of stunting 
With respect to wasting of boys 85 5 percent were found to be in normal grade 
with 12 3, 18 and 0 3 per cent m grade I, II and III respectively with an overall 
prevalence of 14 5 per cent wasting 
W^ j^;,f^The result relating to prevalence of wasting in girls revealed that 87 5 per cent 
/ w e r e in normal range with 10 3 per cent in grade I category, 1 46 per cent and 0 73 
percent in II and III category with the overall prevalence of 12 5 per cent wasting in 
girls The analyses revealed an overall rate of wasting 13 4 per cent When the 
prevalence for all the three nutritional grades are considered together, the over all 
prevalence was found to be highest for 12 year with 34 7 per cent followed by 15 
years with 20 2 per cent and a ml prevalence for 8 years 
The higher proportion of malnutrition in children was observed in the study 
calls for greater vigilance and more immediate solutions To strengthen relevant 
intervention programmes for combating the malnutrition among children, it is 
suggested that focused targeting be emphasized Nutrition education programmes 
should be imparted to school children More importantly nutrition advocacy to policy 
makers should be intensified 
The other aspects the study examined were child, family and social factors The 
findings shows that the percentages of children with normal nutritional status were 
slightly higher in children having two siblings 22 18 percent in comparison to 8 1 
percent in 7^ '^  and above born children. The prevalence of undernourishment was 84.2 
per cent in children with three or more siblings in comparison to 81.8 per cent in 
children having less than two siblings. The children belonging to small families 
showed comparatively lower prevalence of malnutrition. The prevalence of 
underweight by family size shows an increasing trend with increase in number of 
family members. 
The data analysis relating to parental education indicates that nutritional status 
progressed with increase in mothers as well as fathers educational level. The study 
also found three-time higher prevalence of severe grade of malnutrition in children of 
illiterate mothers. The positive correlation of education and the nutritional status, thus 
emphasize the fact that education is a catalyst of change and its role in the process of 
human resource development cannot be ignored. Women's education is also critical 
for meeting the region specific, demographic and health goals in growing urban 
centers like AJigarh city. 
The study noticed that the socio economic disparities between the children of 
educated and uneducated parents were a contributory factor for the differences 
observed. The study found that low income and large family size go hand in hand. 
The effect of these two factors has very much influenced the nutritional status of the 
young children. 
Nutritional status of children increased with increase in parental occupational 
level. Further on comparison of prevalence of malnutrition between paternal and 
maternal occupation, it was observed that children of occupational mothers suffers 
lesser degree of malnutrition, about 60.16 percent of children in comparison to 82.67 
percent of malnourished children of paternal occupation. With regard to the 
prevalence of severe degree of malnutrition the analysis revealed that there were no 
children in severe grade of mothers who were engaged in professional, service and 
skilled occupations, but with regard to father's occupational level, only professional 
and service categories did not show any severe grade malnourished children. It was 
found that relatively low percentage 56.90 percent children of working mothers were 
suffering from malnutrition against 94 56 percent in children of non-working 
mothers 
An inverse trend was noticed in nutritional status of the children as the income 
decreased The prevalence of malnutrition in the lower income group was the highest 
in comparison to other income groups 
The overall prevalence of malnutrition was found to be somewhat high in the 
vegetarian children 84 36 percent in comparison to 81 7 percent in non-vegetarian 
children However, no significant relationship was seen between the prevalence rate 
and religion in this study 
The observations of the study revealed that ordinal position contributes the 
most to the nutritional status followed by education and occupation of mother, 
occupation of father, and socio-economic status As the problem of malnutrition 
amongst school children should also be addressed at home level, the factors identified 
in the study are important for the development of relevant interventions at the 
domestic plane The higher prevalence of malnutrition with increasing birth order 
highlights the need for limiting the family size to improve the nutritional status of 
these children Measures like maintenance of proper birth spacing between each 
child, as well as limiting the family size with one or two children should be 
emphasized on urban educated families too Measures like improving the educational 
level of girl child (would be mother), removal of gender discrimination, providing job 
opportunities to them so as to improve their financial conditions are also the priority 
issues Appropriate multifaceted community based programmes are also required for 
stimulating growth and development of school children 
On comparison of food intake between normal and underweight children it 
was found that dietary intake of cereal differ significantly The study revealed that the 
average consumption of cereal, pulses, meat and other food groups except roots and 
tubers and fats were substantially below the recommended allowances Between boys 
and girls the consumption of milk and meat products were found to be higher for boys 
as compared to girls The average calorie intake was found to be deficient for all age 
groups except 5-6 year age group children The result revealed that the average intake 
were inadequate for the entire nutrients except for calcium, thiamine and riboflavin 
Statistical analysis showed an overall 29 86 per cent prevalence of anemia in 
Aligarh children with 32 33 percent in girls and 27 09 percent in boys In contrast to 
highest prevalence of under weight, stunting and wasting and other nutritional 
deficiency signs, the prevalence of vitamin- A deficiency was low The total overall 
prevalence was found to be 13 86 with 12 64 per cent in boys and 14 95 per cent in 
girls The signs of vitamin B complex deficiency like angular stomatitis, chieliosis 
and glossitis were observed in 15 82 percent children In girls the prevalence of 
vitamin B complex was 19 10 per cent It was observed to be higher than the boys' 
figure of 13 13 per cent Data analysis revealed that 37 02 per cent of children had 
shown clinical sign of dental carries 
Eighty five children out of 1218 boys (6 97 %) and two forty nine girls 
(18 25%) out of 1364 were found with the signs of different grade of goiter with total 
prevalence of 12 93 per cent, signifying the existence of iodine deficiency in Aligarh 
The research revealed that though prevalence was high in the deteriorating 
condition of nutritional status, with highest prevalence 58 97 percent in grade III of 
nutritional status, children with normal nutritional status were not spared as 7 72 
percent children of normal nutritional status were also found with symptoms of OB 
grade of goitre, thus calling for an immediate intervention programme to control and 
prevent the iodine deficiency disorder in children irrespective of their nutritional 
status 
A slight increase in the rate of prevalence with decreasing income group was 
observed The high prevalence of goitre in low socio economic status was due to the 
intake of non iodized salt, faulty food habits (prolong high intake of goitrogenic 
food). Ignorance about effect of iodine deficiency disorders, and ionization of salt It 
has been observed that socio economic status of people is also related with the 
general awareness regarding iodine deficiency disorder Improvement in the socio 
economic status will lead to greater awaieness regarding the problem 
When overall goitre prevalence rate was analyzed according to the food 
habits, it was found that the vegetarians showed higher goitre prevalence 17.53 
percent than the non-vegetarians with 9.18 percent of goitre prevalence. 
On analysis it was observed that the overall prevalence of goitre was low 
(9.94%) in children taking iodized branded salt in comparison to children (19.94%) 
taking non-iodized branded coarse or open salt. 
Result revealed that 75.27 percent of the iodized saU had an iodine content of 
15 ppm and more whereas all the crystalline salt samples had iodine content of less 
than 15 ppm. About 35.27 percent of crystalline salt had no iodine content at all. 
On comparison between Iodine content of salt and prevalence of goitre, it was 
observed that almost all the children (194) who were consuming sah with nil content 
of iodine showed different grades of goitre with 25.25 percent on OB grade, 54.12 
percent in grade I and 20.61 percent in grade II category. On analyses for urinary 
iodine excretion, only 5 girls (1.83%>) were found to have UIEL of <2.0 |ig/dl (severe 
iodine deficiency). It was found that 3.66 per cent and 8.05 per cent have UIEL of 
2.0-4.9 jig/dl and 5.00-9.9 |ag/dl. respectively. The overall median urinary iodine 
excretion of the girls studied was found to be 11.65 |ig/dl. 
Out of 244 boys studied it was found that only 1 boy (0.40%) showed urinary 
excretion level of <2 ^ig/dl. and 3 (1.22%) and 6 (2.45%) had 2-4.9 |jg/dl and 5-9.9 
[ig/d\ urinary excretion level respectively. The median urinary iodine excretion level 
of boys studied was found to be 14.60 |ig/dl. When the total iodine urinary excretion 
level for both boys and girls (517 children) was analyzed, it was observed that 6 
(1.16%), 13 (2.51%) and 28 (5.41%) of the children had urinary iodine excretion 
level < 2, 2-4.9, and 5-9.9 )ig/dl. In the present study the median urinary iodine 
excretion of the children studied was 12.64 [ig/dl indicating that there w^s no 
biochemical deficiency of ipcfine in the subjects studied-
The total goitre prevalence rate of 12.93 percent found signifies the existence 
of iodine deficiency in Aligarh city, necessitating corrective intervention on priority 
basis. These finding indicates that to achieve elimination of iodine deficiency disorder 
from the city, there is a need for appropriate multifaceted community based 
programmes such as monitoring the quality of iodized salt, improving nutrition 
education about the impact of dietary goitrogen and the importance of iodized salt. 
The study revealed that in children the major clinical conditions encountered 
were anemia, dental carries and vitamin A deficiencies. Infection of skin and eyes 
were also observed to be more common. The higher prevalence of anemia in younger 
age group makes a strong case for continuing iron tablet supplementation from 
preschool to school age group also. The overall higher incidence of dental caries apart 
from poor hygienic care of teeth in children probably reflects fluoride content of 
drinking water and hence necessitates fiarther in depth research exploration. The 
intervention programme of supplementary vitamin and minerals that are mainly 
focused on preschool children should also be imparted to the school age children. 
The observations of the present study suggest that the nutritional status of school 
children in the city is unsatisfactory. Majority of the children are underweight and 
are suffering from various nutritional deficiencies. The overall health conditions of 
children are poor and necessitate a routine thorough health checkup for diseases, 
which result in ill health and poor academic performance. The appalling state of 
health of school children as revealed in this study emphasizes the need for 
establishment of proper school health clinics in cities and urban centers having 
significant proportion of school children. 
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CHAPTER! 
INTRODUTION 
Children are the most precious human resources 
and they deserve the best possible upbringing. Any 
nation, which neglects them, would do so at its 
peril. 
The investment in child health is a direct entry point to improve social 
development, productivity and better quality of life. In recognition of this reality, a 
great concern for the child-welfare was expressed time and again at the global plane. 
The World Health Year 1984 spot lighted the basic truth that we must all safeguard 
the healthy minds and bodies of the children, not only as a key factor in attaining 
health for all by the year 2002, but also as a major part of each nation's health in the 
twenty first century. In this context a declaration was made at the first world summit 
for children held in 1990 at Rome, to end child death and child malnutrition on the 
prevalent scale by the year 2000 and to provide basic protection for the normal, 
physical and mental development of all children of the world. The deadline set to 
ensure the attainment of this fundamental health standard has already expired, but the 
security of our children's health and growth still remains elusive despite several 
combative efforts. 
1.1 New Challenge 
The gain made in child survival over the past few decades has resulted in 
more children reaching school age and more children entering school educational 
folds. This is a very positive development but there is growing concern that 
continuing poor health and low nutritional status of the school children must be 
addressed if the full potentials of these recent advances are to be realized. If India is 
to fulfill the commitment even belated, it should ensure more rapid decline in the 
reduction of moderate and severe malnutrition in school age children. It is therefore 
important that increasing attention should be paid to improve the health and 
nutritional status of the school age children. 
1.2 Etiology and Problems of Health and Nutrition 
School children often face health and nutrition problems that affect their 
intellectual and physical developments and their capacity to attend school and their 
ability to learn. The etiology of impaired cognitive development is now a central area 
of concern as improvement in cognitive performance produce opportunities for better 
individuals and better nations 
Until recently relatively few large-scale studies that document levels of 
malnutrition, prevalence of iodine deficiency disorders and other nutritional 
deficiencies among school children were available. But today an understanding and 
awareness of the heavy burden of morbidity among them is growing. While a better 
picture of the health and nutritional status of the school age groups are being built, the 
true extent of the burden of ill health and malnutrition is yet to clearly emerge. 
The United Nations Sub Committee meeting on nutrition held in Oslo in 1998 
concluded that more data on health and nutrition of school age children are needed to 
assess their scale of problem (United Nations, 1998). It also believed that the scales of 
nutritional problems were previously underestimated. Traditionally the main health 
indicator used by health planners was mortality rate. School age children have lower 
mortality in comparison with under five-year age group and therefore received low 
priority. However recent studies in different parts of the world have shown that the 
prevalence of malnutrition, iodine deficiency disorder and anemia are high in this age 
group. Thus necessitating more studies in the nutritional problems of school children 
in specific areas or settings. 
1.3 Global Scenario 
Evidence from the most comprehensive studies in school children nutritional 
status indicated that this group .suffers from various levels of stunting and 
underweight, and in some regions wasting that are comparable with preschool 
children (United Nations, 1998) While these studies cannot claim to be representative 
of all school children of the globe, yet they consistently show very high prevalence 
rate for stunting and underweight, specially among African, Asian and South 
American school children. One of the largest and most recent studies that assessed the 
anthropometrical status of school children in developing countries has been carried 
out in West and East Africa, South and North Asia and the Indian subcontinent. Three 
important findings were generated from this work. First the over all prevalence of 
stunting and underweight was found to be high in all five countries, ranging from 48 
to 56 per cent for stunting and from 34 to 62 per cent for underweight. The 
prevalence of wasting was found to be particularly high in Vietnam and India 
affecting 21 and 31 per cent of children respectively. Children in Vietnam and India 
also showed higher levels of underweight and stunting than children in the other three 
countries. The full physiological implication of these findings although unclear may 
offer a window of opportunity to improve the growth of school children (Dolan et al 
2000). Such studies at macro-level, no doubt may serve as an indication of a broad 
general trend, but the true dimension of the problem and its associated consequences 
will be revealed if issues are also examined at micro-level and hence an effort in the 
present study is made in that direction and the city of Aligarh is chosen for a through 
examination. 
Children of school age suffer approximately 11 per cent of the global burden 
of diseases. Iodine deficiency disorder (IDD) is a major public health problem 
worldwide. According to Benoist (2001) iodine deficiency disorder affects about 740 
million people. Its consequences on health are the result of hypothyroidism and the 
main one is associated with impaired development of fetal brain. Iodine deficiency 
continues to represent a significant problem alongside efforts to iodized salt, 
distribute supplements and to generate increased awareness of the problem. 
Over the last 20 years, the international community mobilized to eliminate 
IDD under the leadership of WHO, UNICEF and ICCIDD. It resulted in remarkable 
progress in IDD control, especially in Africa and in South East Asia where the 
endemic is the most severe. It is estimated that 68 per cent of the population of 
affected countries have currently access to iodized salt. However, out of the 130 
affected countries, about 30 countries have no programme, salt quality control and 
monitoring of population iodine status is still weak in many countries, exposing the 
population to an excessive iodine intake and subsequently to the risk of iodine 
induced hyperthyroidism. In addition IDD is re-emerging in some countries, 
especially in Eastern Europe after it had disappeared (Benoist, 2001). 
High levels of iron deficiency and anemia are reported in most studies and in 
some countries the increased levels of anemia among adolescent girls and boys are 
universal. This has direct implications on their growth, cognitive development and, in 
adolescent girls, who are at risk of early pregnancy and increased risk of mortality. 
There is limited information on the extent of distribution of vitamin A 
deficiency although recent surveys indicate that this is a problem of public health 
significance in the school children. Lack of vitamin A results in reduced immunity, 
increases the risk of disease and may lead to increased absenteeism. Deficiency of 
vitamin A in this group is also likely to reduce the effectiveness of interventions to 
reduce anemia. 
Overweight and obesity is emerging as a new problem in schoolchildren in 
countries including India, undergoing nutrition transition. The increasing evidence of 
an association between stunting and obesity suggests that obesity could represent a 
major problem of developing countries in the future. 
1.4 Indian Scenario 
India is one among the 23 nations around the globe where the people have 
serious health problems, have characteristically low body weight and substandard 
status, which may have its origin from wide prevalence of under nutrition during 
early childhood. (Susheela et al, 1998). Moreover India has a sizable proportion of 
young population coming almost close to 36 per cent of the total population 
(NIPCCD, 1998). But unfortunately one third of the world malnourished young 
children are found in India (Udisha, 2000). About 50 per cent of the aduh Indian 
population and 53.4 per cent of the children are reported to have body mass index 
(BMI) below the normal (Rao, 1998). Children at special risk amounts to 73 percent 
and India are one among the high-risk countries with 73 per cent of moderate to 
severe malnourished and underweight children. This proportion is much higher than 
even the poorest countries of Sub Sahara in Africa, observes a UNICEF report. The 
sad state becomes more pronounced when a comparison is made between India and 
the rest of the developing world. Human development report indicates that India rank 
96 in child malnutrition among 97 developing countries on human development 
indicators (Bellamy, 2000). 
The right to food is fundamental, yet its skewed food availability retards the 
economic progress of large masses of people whose collective endeavor culminates in 
a nation's progress. The satisfactory nutrition of today's school children is important, 
because it is this social segment that will be tomorrow's workforce. Patrice Engle, 
who heads UNICEF feels, problems of child malnutrition need urgent attention as 
malnutrition deprives children of a good future and lays a heavy burden on national 
economy. (The Times of India, August 2000) 
The magnanimity of the great loss to Indian economy has been established in 
a recent study coordinated by Department of Women and Child Development, which 
estimated that the aimual loss of productivity to the Indian nation on account of 
malnutrition is of the order of more than Rupees 33,000 crores a year (Times of India, 
September, 2000). This is understandable because malnutrition adversely affects the 
productive life expectancy. Iodine deficiency disorders and anemia further bring 
down individual productive capacities because low iodine and hemoglobin does not 
allow strenuous activity for long period, thus affecting productivity of work. 
Similarly another study observes that cost of malnutrition to the country is anywhere 
between 10 and 28 billion dollars annually in lost productivity, illness and death. 
(Times of India, August 2000). 
1.5 School Children Scenario 
School children constitute a major segment of the community whose health 
and nutritional status will indicate the changing trend of nutritional profile of a 
region. Approximately 25 per cent of our population comprises of school children 
(Verma et al 1998). They are the inheritors of our past and the seeds of our future. It 
is to them that the world bequeaths its achievement and its treasure, yet they are at the 
end still in the process of gaining attention to their problems. Only one third of the 
school children that too from higher socio economic groups were found to be 
apparently healthy (Agarwal et al *I998). This fact serve as an eye opener as any 
deviation from normal health in this age group is likely to have adverse consequence 
in future adults population. The main nutritional problems facing the school children 
include growth retardation, stunting, underweight, iodine deficiency, anemia and 
vitamin A deficiency. In countries experiencing the nutrition transition overweight 
and obesity are also the growing problems in the school children. 
1.6 Malnutrition: A Major Risk Factor 
According to WHO malnutrition though declining continues to be a major 
health problem in South East Asian regions. Millions of people still lead sub optimal 
lives because of nutritional deficiencies and imbalances (WHO, 1997). Studies have 
reported a large section of children specially the urban poor in India are suffering 
from varying grades of malnutrition. It has been estimated that about two third of 
children do not take adequate nutrition that leads to protein energy malnutrition, 
beside, macro and micro nutrient deficiencies continues to affect the physical and 
mental health of the children. Das (1998) stress that malnutrition is a universal 
problem in the country and its eradication needs to be taken up on priority as a 
national campaign. This is a major risk factor, that not only impairs cognitive 
development but also increase the mortality rate, decreases the productive life 
expectancy and work potentials in children 
1.7 Growth Indices 
Growth in children is a sensitive indicator of the general state of health as well 
as nutritional status of the community The monitoring of the growth and 
development, to detect deviation from normal, provides one of the simplest but 
important methods of assessing the health of a child 
New information that is emerging from the recent studies into the nutritional 
status strongly suggest that school children suffer from higher levels of under 
nutrition than have been previously acknowledged This is particularly true in case of 
under weight, stunting and wasting which is increasingly being used as an indicator of 
population well being and an indicator for poverty 
The overall prevalence of underweight and stunting was found to be 
particularly high in India The degree and prevalence of underweight and stunting in 
young children should get high priority because of its long-term consequences for 
entry into school, learning, educational performance and productivity In spite of this, 
there has been relatively little information gathered on the nutritional status of the 
school children and this is reflected in the lack of clear guidelines for assessing their 
growth and the functional significance at various threshold points 
Micro and macro deficiencies such as deficiency of iodine, iron, and vitamin 
A are a major problem in developing countries These can negatively affect the 
physical and mental development including learning abilities of school children and 
increase their susceptibility to infection 
1.8 Iodine Deficiency Disorders 
lodme deficiency affects an estimated 1 6 bilhon people worldwide and an 
estimated 60 million school age children (Dolan et al 2000) In India there is 
increasing evidence of wide spread distribution of iodine deficiency, collectively 
referred to as iodine deficiency disorder (IDD). According to salt department statistics 
1994, more than 1.5 billion population of the world are at the risk of iodine deficiency 
disorder of which an estimated 200 million people are in India, out of which 50 
million are children. 
Data indicates that goitrous children have a poorer school performance than 
non-goitrous children. Studies on school children living in iodine deficient areas in a 
number of countries indicate impaired school performance and low intelligence 
quotient as compared with matched groups from non-iodine deficient areas. 
A less obvious but more serious condition affecting millions of iodine 
deficient children includes impaired mental function, poor intellectual performance, 
lower I.Q., muscular disorders and impaired co-ordination and sluggishness. 
Current research indicates that iodine deficiency results in lowering the 
average intelligence of the entire school age population by as much as 10 to 15 I.Q. 
points. The number of primary school age children in endemic areas is estimated to 
be 40 million. The total I.Q. points lost in these children amount to 400 million (Sah 
Department, 1994). It is only now becoming evident that continuous iodine 
deficiency is interlinked with the problem of child survival and child development. 
Even as iodine deficiency perpetuates social and economic deprivation, it also 
lays waste the already scarce national resources invested in primary education (GOI, 
1995). It is well understood that preventing iodine deficiency raises the learning 
capacity of school children and improves school performance (Salt Department, 
1994) 
The consequences of iodine deficiency disorder include severe mental 
retardation, goitre, abortion, stillbirths and low birth weight and mild form of motor 
and cognitive deficits. It has been estimated that on an average, school children 
suffering from iodine deficiency have an intelligent quotient (IQ) level about 13 per 
cent lower than the well nourished children (Pandav, 1998). Adolescent girls are an 
important target group for iodine deficiency disorder control because of the adverse 
consequences on the fetal development of lodme deficiency during pregnancy and 
because they generally have a higher prevalence of goitre than boys (Dolan et al 
2000) 
1.9 Other Major Nutritional Disorders 
Iron deficiency (ID) is the most common nutritional disorder m the world and 
IS estimated to affect more than 2 billion people of whom 1 2 billion suffer from iron 
deficiency anemia (Gillespie, 1998) It is estimated that more than 210 million school 
children suffer from iron deficiency anemia (Del et al 1996) In India more than 50 
per cent of the school children are reported to be anemic (Vir, 1998) Another study 
observed that anemia in children especially iron deficiency is the commonest health 
problem m many developing countries with an estimated prevalence of 70 per cent 
(The Times of India, August 2000) 
There is convincing evidence that iron deficiency causes impaired growth, 
development delay, and behavioral abnormalities and impair immune function, 
cognitive function and school performance National family health surveys revealed 
that iron deficiency not only affect children physical performance, but also have an 
impact on their mental abilities Studies have shown that anemic children have 
slightly lower IQ They lag behind m the task, which requires higher mental abilities 
(The Times of India, August 2000) It also increases the risk of postpartum and 
prenatal mortality, intrauterine growth retardation and low birth-weight 
Vitamin A deficiency is widely recognized as a major cause of blindness in 
children It is viewed as a controllable nutritional problem in developing countries It 
is estimated that 85 milhon school children are at increased risk of acute respiratory 
and other infections because they are deficient m vitamin A (Del et al 1999) A recent 
data published by Ministry of Health and Family Welfare, Government of India throw 
light upon the fact that 30,000 to 40,000 children may lose their eyesight every year 
due to vitamin A deficiency in India 
Mild or sub clinical vitamin A deficiency causes impaired immune function 
and an increased risk of mortality from infectious diseases that can severely limit 
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school attendance and consequently academic performance. Vitamin A deficiency 
also reflects iron metabolism that means, with any iron supplement taken, subsequent 
improvement in iron status may be limited when vitamin A status is low. This is 
being increasingly recognized as a potential constraint when considering the impact 
of school based iron supplementation. 
As school children have not been considered at risk for vitamin B, C and D 
deficiencies in the past, little is known about the occurrence or effect of these vitamin 
deficiencies in this age group. However examinations of the recent medical literature 
suggest that vitamin C deficiency is observed in many developing countries. The 
number of these recent case reports is surprising and little research has been 
conducted to determine the extent of prevalence of vitamin C deficiency (Johnston, 
1999). Weber et al (1996) in a study observed that vitamin C supplementation has 
reduced the severity of symptoms associated with the common cold. In people who 
experience extreme physical stress, vitamin C may be of benefit in preventing 
respiratory infection. A recently published review concluded that vitamin C appears 
to improve human fertility by various mechanisms (Weber et al 1996). In another 
study on school children, it is revealed that a considerable number of children had 
low intake of vitamin C with a greater proportion having marginal vitamin C intake. 
With regard to vitamin D deficiency an estimated 62 million people in India 
that include 16 million children are affected with dental, dental caries and associated 
health complaints. The result of recent study showed wide prevalence of problem of 
vitamin D deficiency in north India, which considerably modifies the clinical picture, 
and cause of metabolic bone (Kochipillai, 1998). National Nutrition Monitoring 
Bureau (1991) reported that though prevalence of dental caries is common with all 
age groups, its peak prevalence was observed in the school age group. 
1.10 Commitment Unfulfilled 
The high prevalence of various degree of malnutrition among children as 
evident from above data bears testimony to the pathetic state. In spite of the 
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declaration to combat it and provide " HEALTH FOR ALL" at world summits and 
conferences begirming right from Alma Ata Declaration 1978, National Health Policy 
1993, World Health Year 1984, World Summit for Children 1990 and so on, the 
dream of safeguarding the healthy mind and bodies still remain unfulfilled in India. 
The failure in meeting the goal may be attributed to an implicit assumption 
that the health status of people can be improved, independent of overall socio 
economic development, through direct intervention in the form of universal primary 
health care. The provision of better medical care is, however, only a necessity, but not 
a sufficient condition to fulfill this goal. Indeed, the expert committee of the Indian 
Council for Social Science Research acknowledged this fact when it observe that, 
"Health is a function, not only of medical care, but of the overall integrated 
development of society; economic, cultural, social and political". Similarly it is 
noticed that nutrition, environment, sanitation, literacy and other socio-economic 
factors play a greater role in determining the physical, mental and social well being of 
people, especially in the early stages of development. Evidence from the research 
studies indicates that in many European countries the improvement in health status 
began long before the dawn of modem scientific medicine. It was made possible by 
higher level of nutrition, improvement in economic ^nd social conditions, sanitation, 
adoption of better health care and hygiene practices (Narayana, 1997). Similarly the 
objective for Health for All requires an integrated approach to overall socio economic 
development in which health is an integral component. 
1.11 Determinants of Nutritional Status 
The two major determinants of growth performance of individual and 
population group are (1) their inherited genetic potential for growth, and (2) the 
availability of those inputs, which are essential for the given genetic potential to find 
full expression. It is now generally agreed on the basis of available worldwide data, 
that current wide differences with rfespect to the level and pattern of growth between 
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populations are attributed not so much to any significant difference with respect to the 
former, as to glaring differences with respect to the latter factor (Gopalan, 1992). 
The state of health is determined by an assessment of nutritional status. 
Nutritional status is influenced by the adequacy of food intake both in terms of 
quantity and quality and also by the physical health (growth and development) of the 
individual. But at the same time nutritional status also largely depends upon a set of 
complex and interrelated factors. The nutritional related problems are so rampant in 
our country that they cannot even escape the scrutiny of our Prime Minister, Atal 
Bihari Vajpayee who observed recently that malnutrition today is no longer 
considered the outcome of absolute deficiency, but is viewed as a multidimensional 
problem inter facing many developmental imperatives. (The Times of India, August 
2000). 
Although nutritional status of a nation is closely related to food adequacy, but 
even more importantly interrelated to its inter and intra household distributions, levels 
of poverty, status of women, access of people to health, education, drinking water, 
hygiene, sanitation, awareness and other social services. It was observed that 
nutritional status of children is influenced by a number of developmental efforts. 
The high prevalence of various degrees of malnutrition among children and 
the paucity of studies determining the factors influencing it, as evident from the above 
data justifies the current study which is examining the question anew along with other 
important paradigms to determine the key factors that can be assessed to identify the 
school children at nutritional risk. Such measures are also needed to monitor the 
nutritional status of vulnerable population for establishing health and nutritional 
programmes and for combating any nutritional growth and developmental 
abnormalities. 
In fact in India there are several nutritional and health care programmes 
currently under progress. But most of these programmes are catering to the need and 
requirement of either preschool or underprivileged children; with of course few 
exceptions, in majority of instances the schools where the children of different groups 
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are attending are neglected. These school children are even unaware of such 
programmes and are not benefited. So to understand their needs and problems, 
physical and mental growth patterns, to improve their health and nutritional status, 
specific investigations and studies are necessary to assess their nutritional status. 
1.12 Awareness Among Children 
Besides fiilfilling the above goals, nutritional status investigations bring 
awareness among children. The modem era of school health should be based on the 
fundamental concept that the child should also learn what is necessary for protection, 
preservation and promotion of health. To achieve this goal regular monitoring of the 
growth promotion to assess the school children nutritional status should be given high 
priority. Data on normal growth pattern is essential to compare and evaluate the 
relative nutritional and health status of different groups of school children in different 
community setups. Research studies which involves children direct interaction with 
health aspect bring awareness among children about the concept and importance of 
nutrition, preventable and curable nutritional deficiencies, small family norm, 
education, anthropometrical measurement, personal hygiene and growth pattern etc. 
1.13 Scope of the Study 
This research particularly studies the impact of nutritional status on the body 
weight, height and overall physical development, prevalence of nutritional deficiency 
with special reference to iodine deficiency disorder among the children. Many studies 
reveal that body weight and height of the children reflect their state of health and 
nutritional status. Apart from these, various factors with in the environment also exert 
an influence on growth and development of children. To assess these factors, 
anthropometrical criteria have been one of the valuable means available for the 
quantifying of malnutrition, as body weight and height of children reflect their state 
of health and growth rate. Severe clinical forms of nutritional deficiency diseases 
such as anemia and goiter are easy to recognize. Mild and moderate form of these 
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diseases manifest themselves in varying degree of growth retardation, which may 
well be recognized by the use of anthropometry, careful clinical examination and 
biochemical test and dietary intake. The above premise was the major consideration 
for the researcher to evolve unique procedural assessment criteria, where in all the 
four instruments were used as tools of investigation. 
Studies of this kind ultimately lead to remedial interventions. They help to 
evolve short term and long term polices. They facilitate pragmatic priority planning 
both at national and local plane. In view of these beneficial outcomes and because of 
the fact that no such assessment study has ever been undertaken in this region, the 
present study was undertaken in the city of Aligarh. 
A special emphasis on the examination of growth has been made in the 
present study because growth during childhood contributes significantly to attainment 
of final body size of an individual. Improvement in nutrition and health status during 
childhood is of critical importance as it is inextricably linked with the quality of life 
of next generation and will go a long way in improving national health. Therefore 
investigation of children's growth pattern among communities is important. 
Secondly, it is high time we must realize the potentials of children body's opportunity 
for growth and for planning appropriate health policies that ensures appropriate 
growth of children in this region also. 
Studies on physical development are important as they provide determinants 
of a region's health. Appraisal of the progress of a region in the field of health can be 
made from time to time with the help of such studies. 
A better investment vision in child health is precluding to sound development, 
efficiency in productivity and a better quality of life. Thus it would be not wrong to 
conclude that children's health is tomorrow's wealth. Hence to monitor the health of 
the school children, measurement of weight and height are the simplest and one of the 
reliable means by which the progress of a normal child is evaluated and the gross 
abnormalities and malnutrition are detected, even when no other clinical sign of 
illness is manifested. Anthropometric measurements with clinical symptoms like 
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goiter (lack of iodine) which also hinders the normal growth of children along with 
other consequences, if assessed at the earliest, remedial measures can be introduced to 
improve their nutritional status, as this is a period where in dietary deficiencies can be 
improved more easily than in later years. So a development oriented study of this 
kind is essential for gaining an understanding of children's growth pattern and 
problems. It also helps to plan realistic curriculum suitable to the needs of the Aligarh 
specific children. The present study targets the school going children of Aligarh 
between 5 to 15 years, as it is expected that the nutritional and associated correlates 
would give indication of the influences of these factors on the level and distribution 
pattern of malnutrition among children. In view of the above premises the following 
will be the scope of the study, along with the assessment of nutritional status and 
growth pattern in Aligarh city: 
1. To explore the extent of the common nutritional ailments particularly iodine 
deficiency disorder existing among the school children of 5 to 15 years age of 
Aligarh city. 
2. To suggest and recommend the preventive, curative and remedial measures 
for any such problems as the study reveals so that the same could be used by 
various local, regional, national and international child welfare and health 
agencies run by government and non-government organizations. 
3. To create awareness among school children about the common nutritional 
problems and iodine deficiency disorder by promoting health and nutrition 
education, while interacting with the subjects during visits and data collection 
sessions. 
The present investigation could throw some light on the etiological factors 
that were directly or indirectly responsible for malnutrition and iodine deficiency 
disorder among children in general and school children in particular. The pattern of 
nutritional status distribution could also provide reference material to the state of 
Utter Pradesh, as well as Aligarh district authorities on the basis of which Aligarh 
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specific health and educational programmes in schools could be profitability 
developed. 
The study of some independent variables such as nutrition, familial and socio 
economic factors examined against the dependent variable nutritional status, if 
anticipated will help to unfold some of the most common causes for prevalence of 
malnutrition among these children. If association could be established between any of 
the above-mentioned factors, it would provide guidelines to develop appropriate 
strategies for government and non-government interventions. It is estimated that even 
a small reduction in the prevalence of malnutrition and nutritional deficiency could be 
effective in childhood and would result in large reduction in the low nutritional status 
and other complication later in adulthood. 
The research findings could also add to the meager existing knowledge of 
nutritional status and iodine deficiency disorder amiong children. The study would 
serve as a beginning of many more investigations needed to be undertaken on Indian 
children living under different socio economic conditions, eating varied food and 
leading divergent life styles. 
1.14 Objectives and Hypotheses 
It is well recognized fact that genetic factor play an important role in 
determining growth potentials of an individual, favorable enviroimiental factors were 
also essential for full exploitation of these potentials. Hence for maximum realization 
of these potentials, satisfactory socio economic environments as well as other 
conditions like optimal nutrition and adequate health care facilities cannot be ignored. 
Thus necessitating the need for specific studies on growth and development for 
specific population groups and in a certain community setting like Aligarh. A 
considerable variation was observed in the health and nutritional status of school 
children. At the end of the spectrum, a very small number of children exhibited only 
minimal growth retardation, at the other end some children suffered from extreme 
forms of under nutrition and in between were large number of children with various 
17 
degree of growth retardation. Therefore assessment of growth pattern of children is a 
good indicator of their nutritional status, health and socio economic level and in turn 
assessment of nutritional status with other parameters help in determining the 
underlying factors for growth retardation, prevalence of malnutrition and iodine 
deficiency disorder along with other abnormalities in school children. 
Although school children c'onstitute 25 per cent of the total population in 
India, relatively very few studies have been done to evaluate their nutritional statiis 
and iodine deficiency disorder, which have shown a wide range of prevalence of 
nutritional deficiency diseases (0.5 to 94 per cent). Moreover different studies have 
used different methodologies and different criteria for diagnosing nutritional status in 
India. Apart from this most of the studies have focused on the children of lower socio 
economic status. Hence there is a dearth of research that studies nutritional status 
encompassing such important variables as dietary habits and influence of 
environmental and socio economic factors in different communities in different 
regional and cultural settings. Apart form these the most important point is as no such 
studies have been carried out in and around Aligarh, so there is sufficient ground for 
undertaking region specific research of this nature. 
The present cross sectional study is an attempt to carry out in-depth 
assessment of nutritional and iodine status by anthropometrical, clinical and 
biochemical examination and to determine the extent of the influence of various socio 
economic and dietary factors in relation to nutritional and iodine status of the children 
and to identify the prevalence of other nutritional deficiency disorders. With the 
seriousness of the problems on the one hand and lack of knowledge of determinants 
of nutritional status of children on the other, the present line of investigation was 
planned and carried out among school children of Aligarh city. The main purpose of 
the study is to investigate and identify various kinds and degrees of relationship that 
may exist between nutritional status, iodine deficiency disorder and socio economic 
and other factors. Focus is also directed to identify the most confounding factor 
associated with differences in growth performance and prevalence of Iodine 
deficiency disorder among children with in the population. In view of the above facts 
the specific objectives of the study were; 
1. To assess the status of growth and development of school children both 
boys and girls by using anthropometrical measurements. 
2. To evaluate age and sex wise prevalence of underweight, stunting and 
wasting among school children. 
3. To assess the differences and associations in nutritional status by child, 
family and social factors. 
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4. To study the food and nutrient intake and examine association of food 
intake and nutritional status. 
5. To assess the magnitude of nutritional deficiency disease among school 
children by general clinical observation. 
6. To assess the prevalence of Iodine deficiency disorders by clinical and 
biochemical examination of urine iodine excretion level. 
7. To study the association between the prevalence of iodine deficiency 
disorders by child, family and social factors. 
Based on the above objectives, the following hypotheses are formulated in 
relation to the school going children of Aligarh city: 
1. The growth and development of the children will be lagging behind in 
comparison to ICMR and NCHS standards. 
2. Among the three indicators the prevalence of weight for age will be more 
than stunting and wasting with more prevalence in younger children than 
older and in girls than boys. 
3. The personal and social variables like age, gender, parental education, 
occupation, family income will be significantly related to nutritional 
status. 
19 
4. Family type, ordinal position, number of siblings of the child and religion 
will not be significantly correlated with nutritional status. 
5. Food and nutrient intake will be significantly associated with nutritional 
status of the children. 
6. The prevalence of nutritional deficiency disorders will be more in girls 
than boys with more prevalence in younger children than older children. 
7. The prevalence of Iodine deficiency disorders in children will be 
positively related by nutritional status, socio-economic and dietary factors 
with more prevalence in older girls than younger girls and with more 
prevalence in girls than boys. 
20 
CHAPTER II 
REWIEW OF LITERATURE 
Healthy children beget healthy nation 
The importance and relevance of a study that deals with physical growth 
parameters (indicators of health status), nutritional intake (significant 
determinants of health) and nutrition deficiency of children can hardly be 
overemphasized. Physical growth depends not merely on genetic potentials but 
also on environment, which include presence or absence of infection, poor 
environmental conditions, nutrition and economic constraints. Not many studies 
are available on grov^h pattern of urban school children, which examines all these 
extremely vital variables. 
Malnutrition especially among young children is viewed in the modem 
age as one of the principal public health problems throughout the world, primarily 
for it affects large segment of world's population. Insufficiency of nutrient can 
interfere with normal growth and development. The manifestations of under 
nutrition are most severe in the growing child whose nutritional needs are greater 
but whose capacity to adapt to deficiency state is most restricted. 
According to WHO (1983) malnutrition though declining, continues to 
remain a major health problem in South-East Asia. Millions of people still lead 
sub optimal lives because of varied nutrition deficiencies and imbalances. 
Similarly in recent years, the NFHS-2 (1998-99) report also emphasized 
the fact that India is facing a series problem of malnutrition more particularly 
among growing children and women. Paradoxically, in spite of initiation of many 
development programmes spread over the last five decades, about 30 per cent of 
population still live below the poverty line. The tragedy become more pronounced 
when we see this great mass struggling to find two-square meals in the backdrop 
where India has attained self sufficiency in food grain production and has even 
become an exporter. There are still several millions of malnourished children 
creating major concerned for health in the nation. A recent case study report 
observes that India has the dubious distinction of having nearly 75 million (63%) 
malnourished children below the age of five years (Sujatha, 1997). 
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Several studies have reported that a large section of children especially in 
urban India, are suffering from varying grades of malnutrition. (Verma et al 1998; 
Agarwal et al 1998; Kapoor et al 1991; Bhasin et al 1990). These studies revealed 
that protein energy malnutrition, anemia, vitamin A and iodine deficiency 
continue to affect the health of the school children. Indian school children who 
constitute about 25 to 27 per cent of the population, suffer more from stunting 
caused by protein energy malnutrition. (Ingale 1985; Verma et al 1998; Bhave et 
al 2001; Bhasin et al 1990; Goyal et al 1993). 
2.1 Genesis of Nutrition Surveys 
Nutrition surveys carried out in India prior to 1936 were few and sporadic 
in spite of its importance (Ingale, 1985). Early contribution in the field of 
assessment of nutritional status emerged mainly from Europe. Baveria, in 1770 
was the first country, which showed concern for the nutrition and health aspect of 
school children and started school lunch programme for the underprivileged. 
Johann Peter Frank 1747-1821, an eminent scientist published a series of papers 
on school children health. In course of times the concept of school children 
health was gradually extended to Sweden, Germany, United Kingdom, United 
State of America, Russia and ultimately India (Panja, 1993). 
In India growth assessment of school children dates back to 1909, when 
medical examination of school children was carried out in Baroda city. Then on 
the recommendation of the Nutritional Advisory Committee of Indian Council of 
Medical Research that came into existence in 1936 that several nutrition surveys 
were under taken in different parts of the country. The Bhore Committee 1946 
criticized the school health services in its report. In 1953, secondary education 
committee emphasized the need for medical examination of school children and 
school feeding programme. In 1960, Govt, of India formed the school health 
committee to assess the nutritional status and health need of the school children 
and in the year 1961, the committee submitted its valuable report with the 
recommendation that all children should be provided with school health services 
with preventive and curative measures and there shall be medical examination at 
the time of the entry and there after once in every four years. It also emphasized 
that modem era of school health should be based on the fundamental concept that 
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the child should learn what is necessary for his protection, preservation and 
promotion of health. Therefore to achieve these goals, regular monitoring of 
growth promotion to assess the sqhool children nutritional status should be given 
high priority (Khadgawal et al 1998). 
It was stressed that there should be yearly evaluation of height and weight 
of all children as normal growth is an indirect indicator of overall well being of a 
child. Data on normal growth pattern is essential to compare and evaluate the 
relative nutrition and health status of different groups of school children in 
different community settings. The need to conduct studies in different community 
set up is also emphasized by Rao et al (1998). In their study on height velocity 
and body fat of Indian girls they concluded that weight and height limits varies 
from community to community. Khadgawal et al (1998) in their study of growth 
charts suitable for evaluation of Indian children suggested that differences in 
weight and height of normal children should be evaluated selecting sample of 
children growing in an optimal envirormient. 
2.2 Methodology of Measuring Growth 
In the field of nutrition Wasantwisut (2000) observe that a major challenge 
is how to identify individuals and/or population who have nutritional problem. 
Nutritionist in their effort to find out the root cause for increasing cases of 
malnutrition despite mitigating measures and the possible role of school in the 
promotion of well being to a child, feel that proper implementation of nutritional 
assessment methods that systematically evaluate the nutritional status can solve 
the problem to a great extent by identifying the root cause which help in designing 
strategies for combating malnutrition. 
The evaluation of nutritional status requires an understanding of the 
pattern and range of normal growth, the factors causing deviation from normal 
growth and an understanding of the methodology of measuring growth in human 
body. According to Robson (1972) growth is a phenomenon that is associated 
with an increase in metabolic tissue and in turn is dependent on the provision of 
adequate nutrients. In case of inadequate nutrients body and tissue store are 
depleted, the tissues themselves may be metabolized in order to maintain essential 
body functions with of course some disturbances. If the deprivation continues, 
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there will be tissues breakdown and lesions will develop that are recognized as the 
clinical sign of malnutrition. 
2.3 Stages of Nutrient Deprivation and Identification Methods 
The sequences that affect nutrient deprivation of body and tissues store 
and the development of different stages (clinical and sub-clinical) of malnutrition 
represents a continuum from the early to late stages. The sub-clinical stages and 
clinical signs of deficiency categorized by Wasantwisut (2000) are summarized as 
follows. 
1. Nutritional deficiency is usually initiated by an inadequate dietary 
intake of one or more nutrient resulting from either a low content in 
indigenous food sources or the presence of exogenous factors that 
interfere with ingestion, absorption and metabolism of the nutrients. 
This stage of nutritional deficiency usually can be identified by dietary 
assessment. 
2. When inadequate intake persists, the tissue store become gradually 
depleted in the nutrient, resulting in low levels in certain body fluids 
and tissues (tissues de-saturation) and/or in the activity of nutrient 
dependent enzymes. Often these changes can be detected by 
biochemical test. 
3. Following nutrient depletion of body fluid and tissues, functional 
changes occur, leading to clinical deficiency signs. Therefore, clinical 
assessment may readily detect the late or severe stages of nutritional 
deficiencies, for example, angular stomatitis for riboflavin deficiency, 
and the lesions or xerophtalmia for vitamin A deficiency etc. 
4. Finally moderate to severe form of malnutrition and possible chronic 
imbalances of protein and energy in the body can be identified by 
anthropometric indices such as weight for age, height for age, weight 
for height and measurement such as mid upper arm circumference and 
triceps skin fold. 
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2.4 Objectives and Purposes of Assessment 
Nutritional assessment can be done by utilizing a variety of methods. 
These methods based on a series of dietary, laboratory, anthropometrical and 
clinical measurements can be used either alone or more effectively in a 
combination, depending on available resources and the study objectives. Studies 
can be designed to meet objectives at both the population and individual level. 
Wasantwisut (2000) emphasized that the implementation of appropriate 
nutritional assessment method can; 
• Determine the overall nutritional status of an individual, population and 
sub population 
• Characterize the extent and nature of the malnutrition within the 
population or sub populations, and 
• Identity areas, population or sub population at high risk of chronic 
malnutrition. 
The information from these assessments can also be used for formulating 
and implementing nutrition intervention programmes to improve the overall 
nutrition status and meet the needs defined by these assessments. 
There is a growing realization that no single index of nutritional 
assessment provides a definite diagnosis at all level of nutritional status. To assess 
the nutritional status of individual or population, a combination of dietary, 
biochemical, anthropometrical and clinical methods are considered the golden 
standard (Wasantwisut et al 2000; Robson et al 1972). 
National Nutrition Monitoring Bureau also supports assessment of 
nutritional status that takes into consideration dietary, anthropometrical, 
biochemical and clinical parameters. Changes in these parameters over a period of 
time provide a measure of change in nutritional status. Quantification of change is 
possible only when the information on these parameters is collected using 
identical methodologies on comparable sample of population. 
The assessment of nutritional status involves various techniques. Proper 
evaluation demands a many-angled approach covering all the different stages in 
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the natural history of nutritional disease (Park and Park, 1991). 
According to Guthrie (1979) the techniques by which attempts are made to 
assess the nutritional status include physical or anthropometric measurement. 
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dietary evaluation, clinical observation and biochemical analysis. Davidson and 
Passmore (1963) have also listed the above methods for the evaluation of 
nutritional status of children. 
2.5 Anthorpometric Measurements 
Nutritional anthropometry is concerned with the measurement of 
variations of the physical dimension and the gross composition of the human body 
at different age level and degrees of maturation. Nutritional assessment provides 
us with information concerning the nutritional profiles of the community, and can 
be of value in guiding public health programmes. For carrying out practical 
nutritional surveys in the field Jelliffe (1966) suggests: 
1. To select the minimum number of relatively simple methods that can 
give useful practical information on community basis. 
2. To understand thoroughly the practical techniques involved, and 
3. To interpret the results and express them in a way that is 
understandable to workers anywhere in the World 
Heights, weight, mid arm circumference and skin fold thickness are such 
valuable indicators of nutritional status in children. There is a progressive increase 
with age in the mean value, for height, weight, and mid arm circumference, skin 
fold thickness. Sequential measurement over a period of time reflects the pattern 
of growth and deviation from the average for that age and sex. 
According to Sachdev (1995) for practical purposes, anthropometry is the 
useful parameter for assessing nutritional status of children. As the nutritional 
intake and environmental factors influence the body size and growth, the classical 
use of anthropometry serve as the most readily available method of nutritional 
assessment and therefore is logical. Anthropometric measurements such as height, 
weight, mid arm circumference, skin fold thickness are valuable indicator of 
nutritional status (Guthrie, 1979). 
Macy and Kelly (1957) and Rao (1961) indicated that body measurement 
such as weight and height, if properly obtained and interpreted would serve as 
useful physical sign in the evaluation of nutritional status. 
Davidson and Passmore (1963) state that body weight constitutes an index 
of whether the food is furnishing energy equal to or in excess or below the energy 
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requirement of the body. If anthropometric measurements are recorded over a 
period of time, they reflect the pattern of growth and development and how 
individual deviate from the average at various ages in body size, build and 
nutritional status (Guthrie, 1979). Brozok (1956) state that weight, height, 
measurement of subcutaneous fat are the irreducible minimum basic data. Bhasin 
et al (1990) also observe that anthorpometry offers a reliable method to assess the 
nutritional status of school children. 
The mild and moderate forms of protein energy malnutrition manifest 
itself in growth retardation in later childhood and can be recognized only by 
anthopometric measurements. Lichton et al (1984) successfully used the 
anthropometric measurement to establish race specific growth standards and to 
serve for evidence of significance under or over nourishment with in any 
particular groups of Hawaii children aged 5-15 years attending private and public 
schools in Hawaii. 
Frisancho (1984) states that anthropometric measurement has become an 
indispensable approach for the evaluation of nutritional status of children and 
adults. Anthorpometric variable are indicators of body composition for which 
inferences about nutritional status may be made. In comparison to laboratory test 
based on blood or urine specimen anthorpometric methods offer several practical 
advantages, costs are minimum and initiative may be taken by a variety of 
professionals. Further, while use of the caliper to measure skin fold may arouse 
some anxiety, especially for the inexperienced, the physical sensation involved 
are mild and anthropometric procedure are not invasive. 
2.5.1 Weight 
t 
Weight is the anthorpm^tric measurement most in use. In developing 
countries the prevalence of malnutrhion appears to be best indicated by weight 
deficiency. Jelliffe (1966) has noted that body weight standard can best compared 
with locally prepared standard. 
Bhasin et al (1990) studied weight and height of 4,405 school children in 
the age group of 5 to 15 year both boys and girls in Haryana. In their study they 
found that weight of boys and girls were uniformly heavier than their counterparts 
in comparison to ICMR (1972) study for all ages and the result were statistically 
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significant P< 0.05 for all ages and for both sexes except male children in the ages 
of 13 and 14 years where the resuh were not significant (P>0.05). They found that 
the mean weight of boys ranged from 19.13 to 52.8 kg and of girls from 18.12 to 
48.52 Kg. 
Rath et al (1978) studied the anthropometric indices of children of 5 to 15 
years of a privilege community in a cross sectional study in four public schools of 
Delhi. The growth parameters were lower at all ages as compared to American 
children and the difference was statistically significant. In contrast to many other 
studies, the study concluded that even under best of environmental and economic 
conditions Indian children failed to catch-up to the American standard. The mean 
values of weight observed in their study were comparable to those reported by 
Ragahavan et al (1971) till the age of 12 years. From 13 years onwards the values 
were higher. 
Pareira et al (1983) has noted that the adolescent girls of upper socio 
economic groups in Varanasi showed a weight gain of 15.1 kg between 10 to 15 
year of age as against a weight gain of 23.3 kg and 19.6 kg respectively reported 
by British and American investigators. Their study suggested that Indian girls are 
genetically lighter than their western counterparts. 
Similar findings were revealed by Agarw^l et al (1992) based on their 
study of physical and sexual growth pattern of affluent Indian children 5 to 18 
years of age. They observed that weight of Indian children was less than their 
western counterparts. The difference was minimum at 5 to 6 years of age and 
increased with age up to 17 years. On comparison with Asian girls, the mean 
weight in their study was close to Chinese (Zhang et al 1988) Thai (Khanjanasthi 
et al 1987) and Japanese (Kikatu et al 1987) national data but were higher than the 
Hong Kong Chinese (Fung et al 1985) at 5 years of age. Japanese girls are heavier 
as compared to Indian girls by two to four kilograms at 17 years. The data 
collected by ICMR (1972) was much lower than the data reported by Raghavan et 
al (1971) and Agarwal et al (1992). The findings of the Nutritional Foundation of 
India (1989) for girls from Delhi and Calcutta were similar to that reported by 
Agarwal et al (1992) while those from Bombay and Coimbatore were marginally 
lower. 
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Mohaptra et al (1998) from Orissa conducted a cross sectional study in 
4004 school children 5 to 15 year on health and nutritional profile of young 
children in Orissa. The mean weight and height of respective age groups were 
compared with data from well to do subjects from India, NCHS standards, it was 
observed that the mean weight and height of Orissa school children were lower 
than the referred standards. 
Devi et al (1999) in a study of physical development of rural school 
children observe that weight of girls were marginally better than that of boys. The 
physical measurement gradually increased from 6 to 12 years. The boys were 
found to be heavier than girls up to 10 years and from 10 years to 12 years girls 
measured more than boys for weight. 
Khadi et al (2001) in their comparative study of northern Kamataka also 
found the weight and height of children of the entire age group were below the 
NCHS standard (50 percentile). The difference between NCHS and the weight of 
children increased with rise in age. 
Bhave et al (2001) studied the physical growth of children between 2.5 to 
17.5 years from four convent schools of Bombay suburbs. The mean weight in 
girls in the age group of 5 to 15 years ranged from 17.1 kg to 47.2 kg and the 
mean weight in boys in the age group of 5 to 15 ranged from 17.2 to 47.3 kg. On 
comparing the anthropometric data they found that they are lower than NCHS, but 
similar or higher than ICMR norms. 
In a cross sectional study of 6 to 18 years old school children in Shiraz, 
Iran, Ravanshad et al (1998) found the growth parameters were similar to that of 
NCHS reference standards. On comparison of the growth charts for boys and girls 
they found that charts for girls at age 14 to 18 years were shorter and thinner than 
boys. Adolescent growth spurt, which is evidenced as a sharp increase in velocity, 
occurred in girls at the age of around 11 years while in boys it occurred around 12 
years. On comparison with reports from Libya, they found adolescent growth 
spurt occurred at the age 10 and 15 year in Libyan girls and boys respectively. 
Adolescent growth spurt in Shiraz girls and boys occurred at the age 10 and 13 
respectively. 
In a study of growth pattern of primary school children in Benghazi, 
Sharbati (2001) demonstrate that the growth pattern was similar to the 
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international standards at early school years for both sex but it dropped down with 
the advance of the age. For boys the decline started from the age of nine while in 
girls it began at the age of eight or even earlier. 
Raghavan et al (1974) on the basis of a follow up study of the growth 
performance of well to do Hyderabad children found that 52 per cent of children 
remained in the same percentile channel for weight throughout a four year period 
while 28 per cent moved to a higher percentile channel over these four years and 
13 per cent of the subjects shifted to a lower percentile channel. This observation 
along with that based on the increase in height showed that both the growth 
pattern and growth rate of Indian children belonging to well to do families are 
higher as compared to the growth rate of general population. It was also observed 
that their growth rate was similar to those of American children strengthening the 
suggestion in earlier studies that if provided with a satisfactory environment 
Indian children grow at similar rate as children in developed countries. Kaul et al 
(1976) studied the growth in height and weight of urban Madhya Pradesh 
adolescents. It was observed that the girls weighed more up to the age of 15 years 
and 5 month. After this boys were heavier. It was also observed that the growth 
spurt in girls was attained earlier (at the age of 12.5 years) and was shorter as 
compared to boys where the growlh spurt was more wide spread between 13.3 to 
15.5 years. The gain in weight ranged between 20 to 25 kg in this study. Rath et al 
(1978) recorded a positive skew distribution for weight. They observed distinct 
spurt from 11 year for boys and 9 year for girls. Maximum weight gain occurred 
between 11 to 15 years for boys and 9 to 13 years for girls. This study also 
revealed that girls were heavier than boys. 
2.5.2 Height 
School age is a period of growth and development. It is at this times that 
acceleration in weight and linear growth as well as fiirther development takes 
place in children. It is well established that the time of maximum growth in height 
is closely correlated with sexual maturation. Several studies found that the 
menarche always occurs after the greatest increase in height (Bhasin et al 1990; 
Rao 1998; Anandetal 1999). 
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Bhasin et al (1990) in a study on height and weight of well to do school 
children in Haryana, observed that the range of mean height of boys extends from 
112.68 cm to 116.17 cm with total increment of 53.49 cm. In case of girls the 
range of mean height extended from 111.9 cm to 161.25 cm with a total increment 
of 49.35 cm. 
The height data of the children in the study conducted in Delhi by Rath et 
al (1978) showed that between 5 to 15 years, height gain for boys and girls was 
57.07 cm and 48.62 cm respectively. 
A study by Pariera et al (1983) on the adolescent girls of upper socio 
economic group in Varanasi showed a gain in height of 17.5 cm during 10 to 15 
years of age. The maximum gain in height of 7.6 cm/year was observed in the age 
interval of IC to 11 years as compared to this, gain in height in British and 
American girls between 10 to 15 years was 20.3 cm and 23.0 cm. respectively. 
Thus girls in India were observed to be shorter for age than their western 
counterparts (Merdith 1935; Tanner et al 1965). Earlier Satyawathi et al (1981) 
had reported 17.5 and 15.0 cm gain of height during this age interval in urban and 
rural girls respectively. The height gain during the adolescent growth spurt 
recorded in the study of Pariera et al (1983) was 7.6 cm/year while it was 9.0 
cm/year in British (Tanner et al 1965) and 8.6 cm/year in American girls. 
Agarwal et al (1992) on the basis of their study on the physical and sexual 
growth pattern of affluent Indian children between 5 to 18 years of age noted that 
there is a progressive increase in mean height with age of about 5 to 6 cm/year, 
the maximum being 7 cm at 10 to 11 years of age. 
Devi et al (1999) in her study of school children in Andhra Pradesh 
indicated that stature of boys were shorter than well to do boys of ICMR by 5.10 
cm to 8.45 cm with increasing age and were measuring 93 to 96 per cent of ICMR 
standard. With reference to NCHS standards the differences was between 3.12 cm 
to 6.45 cm with increasing age and was measuring 95 to 96 percent. They 
observed that the low weight and stature of children might be due to the low socio 
economic status. The growth performance in stature was found to be better as 
compared to weight. 
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Pushpamma et al (1982), also reported that rural children of Andhra 
Pradesh were found below in all parameters of anthropometric measurements 
when compared with local standards. 
In a cross sectional study of children 6 to 20 of northern Karnataka, Khadi 
et al (2001) observed that the height of rural boys were below the NCHS standard 
and the differences decreased between II to 16 years. The height of the boys and 
girls increased steadily through out the years with a range of 4 to 5 cm/year. The 
gains were significantly high during 10 to 13 year. 
Bhave et al (2001) studied children between 2.5 to 17.5 years of Bombay. 
They found the height of girls in age group 5 to 15 year ranged from 106.6 cm to 
154.3 cm. On comparison with NCHS the age group 6, 8 to 11, 14 and 15 years 
fall in 25"' to 50"^  percentile of NCHS and in comparison to ICMR, it was more or 
less similar, except at 12 to 15 year where it was found to be more. In case of 
boys they found that the height ranged from 108 to 159.40 cm. The increment was 
51.40 cm. On comparing with NCHS and ICMR the trend was more or less same 
as in girls. 
The finding of the above study was in similar line with the observation of 
Anand et al (1999), who carried a study in Haryana among 534 children in the age 
group 12 to 15 years and found the height of girls at 15 years to be 154.83 cm and 
the height of boys at 15 years to be of 160.57 cm. 
Ravanshad et al (1998) found the mean height of boys and girls of age 6 to 
18 years of Shiraz lie approximately on the 25"^  percentile of NCHS standards. An 
average gain in standing height, from the beginning of the adolescent spurt to the 
cessation of growth has been reported as 25 cm in girls and 28 cm in boys. 
Corresponding data in Libyan children Shamssain (1989) was found to be 20 cm 
for girls and 29 cm for boys. In the black South African children, Shamssain 
(1991) found the adolescent growth spurt was 24 cm in girls and 29 cm in boys. 
While in the study of Shiraz children, they found the relative figures were 23 cm 
in girls and 25 cm in boys. In Black South Africans, the highest gain in standing 
height in boys was 7.25 cm/year and this occurred between 13 and 14 years, while 
in girls it was 8 cm/year and occurred between the ages of 10 and 11 years. The 
rate of increase in standing height was 5.1 cm/year while in girls it was 3.76 
cm/year. In a similar study in Libya, Shamssain (1989) found the highest gain of 
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7.04 cm/year in boys and occurred between 7 and 8 years, while in girls it was 
10.04 cm/year and occurred between the ages of 9 and 10 years. Sharbati (2001) 
found that Benghazi boys height percentiles which starts off at the same level as 
the reference median of NCHS during the younger ages, however by the age of 
nine differences starts to appear, where as the Benghazi median starts deflecting 
down ward. Indeed, at the age of 12, the reference median curve approaches the 
75"^  percentile curve of Benghazi boys. In girls also, the difference between 
Benghazi girl's median height and reference population is minimal during the 
early years of the school, but it starts to appear at the age of eight years, and the 
curve goes down sharply at the age of 11. 
Various investigators have studied mean height of Indian children 
belonging to different geographical and socio-economic groups of India in cross 
sectional or semi longitudinal studies. Results from these studies show 
contradictory findings in patterns of growth on a comparison with western studies. 
While Raghavan et al (1974) noted that increments in anthropometric 
measurements in well to do children over a 4 years period were comparable to 
American children, Kaul et al (1976), Rath et al (1978), Pareira et al (1983) and 
Agarwal et al (1992) have shown that growth performance of Indian children 
failed to catch up like that of their western counterparts even under the best of 
economic and environmental conditions. The finding of these authors are 
discussed in some details in the following few lines. 
Raghavan et al (1974) studied the growth performance of well to do 
Hyderbad children in a follow up study in which heights and weights of boys 
attending a school were recorded twice at interval of four years. Each individual 
was classified at both points of time as belonging to one of the following 
percentile groups less than 10'^•10-25'^ 25-75'\ 75-90* and above 90* using 
American percentile value for corresponding ages. Child was classified as normal 
if he continued to grow in the same percentile channel, while a shift to a higher or 
lower channel was considered an improvement or deterioration in the growth 
performance respectively. About 57 per cent of children remained in the same 
percentile channel over the four-year period, 35 per cent moved to a higher 
channel and 13 per cent moved to a lower channel with respect to height. Thus 
more than 85 per cent of the children maintained either a normal growth pattern or 
33 
showed improvement in relation to the American percentile values. This showed 
that both the growth pattern and the growth rate of Indian children belonging to 
well to do families are similar to those of American children given a satisfactory 
environment. 
Contrary to the above findings Rath et al (1978) in their cross sectional 
study of anthropometric indices of children of a privileged community observed 
that Indian children failed to catch up to the American standards even under the 
best of condition. They suggested that it might need generations of freedom from 
any constraint to achieve the full genetic endowment of a child thus the need to 
develop Indian norms of growth. 
Similarly, Agarwal et al (1992) had observed that the anthropometric 
means of Indian boys and girls from/5 to 18 years of age were lower at all age 
points as compared to the NCHS and European standard. They observed that 
Indian children even during peak height velocity fail to over take their European 
counterparts. This data on girls' height when compared to their Asiatic 
counterparts show that the Indians have a similar height to girls in China (Zhang 
and Huang 1988) and Hong Kong (Fung et al 1985) between 5 to 17 years of age. 
Japanese (Kikatu et al 1987) girls maintain marginally higher height up to 16 
years of age. However the mean height at 17 year is similar. Taiwanese (Yaung 
and Lai 1988) girls are shorter by 1.0 cm when compared to the ICMR (1972) 
standards (which is representations of upper socio economic status group of 
children from all over the country. 
2.5.3 Mid Arm Circumference 
Measurement of mid arm circumference is used as an indicator of 
malnutrition. The mid arm circumference shares a progressive increase with age. 
The gain in the mid arm circumference is due to muscle mass development. Low 
mid arm circumference values indicate that the level of nutrition is lower than 
optimal, not allowing achievement of full growth potential. 
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Bhave et al (2001) in a study of school children of Bombay observed the 
range of mid arm circumference in girls aged 5 to 15 years from 15.4 to 22.4 cm 
the increment being 7 cm and in boys of age 5 to 15 year the mid arm 
circumference ranged for 15.2 to 22.8 cm. the increment being 7.6 cm. On 
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comparison with Agarwal study fpr girls they found the resuhs to be similar from 
6 to 8 years and marginally lower by about 0.5 cm for 9 to 16 year except similar 
at 10 and 14 year age. They found the mid arm circumferences of the boys, at 
consistently high level at all age groups by about 1cm. 
For girls the mid arm circumference means were similar in most of the 
Indian studies (Banik et al 1973; Raghavan et al 1971; Rath et al 1978; Agarwal 
et al 1992). Tripathi et al (1976) observed mid arm circumferences in 10 to 17 
years old school children of Delhi. They recorded a gain in mid arm 
circumference of around 5.0 cm both for boys as well as girls during this age 
interval. An increase of 2.55 cm in mid arm circumference was observed in 
adolescent girls of upper socio economic group in Varanasi by Pareira et al 
(1983). Pathak (1989) from Ludhiana observed a gain of 8.0 cm in the same age 
period. 
A gain of 6.0 cm during 6 to 16 years was reported by Agarwal et al 
(1992) in a study of growth of affluent school children. The observed mean values 
of mid arm circumference increased with age in Indian children and were lower 
than their western counterparts thus suggesting that Indians have poor muscle 
mass development during adolescence. This has been attributed to inadequate 
nutrient intake. 
Chaturvedi et al (1996) observed that mid arm circumference were 
significantly lower in those from the poor socio economic strata of society than 
the well to do group based on her observation of adolescent girls belonging to 
poor socio-economic group of rural Rajasthan. 
Ingale (1985) in a study of Nagpur school children on nutritional status 
found that according to mid arm circumference, 24.1 per cent children are in the 
normal grade, 40.9 per cent are in grade I, 22.4 per cent are in grade II, 10.5 per 
cent are in grade III and 1.93 per cent are in grade IV. They found the majority of 
children are in categories of grade I and II, constituting about 63.3 per cent of the 
total children. 
Lichton et al (1984) in a study of anthopometry of Hawai school children 
observe that mid arm circumference increased with age. On comparison with 
Somean children, they found the mid arm circumferences were consistently lower 
about 2 cm or more. In the same study they observe the mid arm circumference 
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for Japanese and Causasian children of both sexes. They found the mid arm 
circumferences of Japanese girls of age 5 to 15 years ranged from 17.4 to 25.4, 
the increment being 8 cm and in boys of age 5 to 15 years from 16.9 to 27.7 cm, 
the increment being 10.8 cm. In causasian girls of 5 to 15 year they found the mid 
arm circumference for 17.2 to 25.9, the increment being 8.7 cm and in boys from 
17.2 to 26.7 the increment being 9.5 cm. 
2.5.4 Skin Fold Thickness 
Subcutaneous fat can be measured easily by means of skin fold calipers. 
(Guthrie 1979; Robson 1972). 
Agarwal et al (1992) in their study of the growth pattern of affluent Indian 
children noted that the triceps, biceps, sub scapular skins fold thickness in girls 
were higher as compared to boys and this difference were more significant during 
adolescence for girls. Mean triceps skins fold thickness reported at different ages 
was close to the means reported ia other Indian studies form Haryana (Bhasin et 
al, 1990), Delhi (NFI report 1989) and data reported by Raghavan et al (1971). 
Kapoor et al (1991) from New Delhi had reported a higher mean triceps skin 
thickness. 
Kapoor et al (1991) studied triceps skin fold thickness in adolescents from 
schools of New Delhi. They observed the skin fold fat between high and low 
socio economic groups in both sexes. They found that with in the groups, the girls 
displayed significantly thicker skin folds than boys. Triceps skin fold thickness 
among girls showed a steady gain through out adolescence from one year to the 
next indicating a steady accumulation of subcutaneous fat through out 
adolescence. 
The mean of triceps skin fold thickness of the well to do boys showed a 
dip followed by a slow rise, the girls thickness being somewhat lower than the 
prepubertal value. Adolescents belonging to the high socio economic group had 
significantly more thickness skin fold than their low socio economic group 
counterparts in both sexes. 
A comparison with the data collected by Raghavan et al (1974) on well-
nourished Indian public school children revealed significantly lower skin folds 
than observed in Kapoor (1991) study. 
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In a study on nutritional status of Nagpur school children, Ingale 1985 on 
the basis of triceps skin fold thickness, observe that 33.2 per cent children are in 
normal grade, 13.01 per cent are grade I, 9.4 per cent in grade II, 43.8 per cent in 
grade III with only two children 0.5 per cent in grade IV. 
Agarwal et al (1992) has noted that the gain for triceps and biceps skin 
fold thickness was 4.2 and 1.5 mm in boys during the age period of 6 to 17 years 
respectively. In contrast the girls gained twice or more for these parameters, the 
increase being 8.4 mm and 3.7 mm respectively. The triceps mean for boys in 
thwir study was higher as compared to those reported by Buckler et al (1990) in 
British children. However, for biceps the values were similar to those observed by 
Buckler et al (1990). Children from the Arabian continent Nofely (1978), 
Abounaja and Gilmour (1985), Musaiger et al (1989) also showed lower means 
for triceps as compared to those shown by Agarwal et al (1992) in their study. 
Data on mean sub-scapular skin fold thickness reported by Agarwal et al (1992) 
in affluent Indian children is also higher than that reported by Western studies. 
The finding of Agarwal et al was lower in comparison to Japanese 
children whose skin fold thickness in girls of 5 to 15 years was 10.5 to 16.5 cm 
and in boys 8.8 to 11.30 mm. Lichton et al (1984), in a study of anthropmoetry of 
Hawai children, observed a steady increase for 5 to 15 years in case of Japanese 
girls where in boys they observe the maximum increase was at 11 years, the skin 
fold thickness being 13.6 mm. In the same study they also observe the skin fold 
thickness of Causasion children for 5 year to 15 years age and found the skin fold 
thickness in girls from 9.1mm to 16.8 mm and for boys for 8.5 mm to 9.5 mm. In 
the case of Japanese girls they found a steady increase where as in boys the 
maximum skin fold thickness was at the age of 12 where the skin fold thickness 
was 12.9 mm. Lichton et al (1984), observe that; 
- Triceps skin folds of girls were significantly greater than those for boys at all 
ages. 
There was an initial steady, slow increase of skin fold thickness with age for 
both boys and girls. 
- Third, there was a small but clearly seen drop-off of values at the onset of 
adolescence. This commonly occurred between 12 and 13 years for boys and 
between 10 and 11 years for girls. 
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2.6 Stifled Growth 
Evidence from the most compressive studies in school age children's 
nutritional status indicates that this age group suffers from various levels of under 
nutrition and stunting and in some regions wasting that are comparable with 
preschool children. They consistently show very high prevalence rate of 
underweight and stunting among African, Asian and South American school 
children. In India the over all prevalence of underweight and stunting was found 
to be 62 per cent and 56 per cent respectively with the prevalence of wasting at 31 
per cent in school age children (ACC/SCN, 2000). 
2.6.1 Catch-up Growth 
Rao et al (2001) stressed that the high level of stunting may be attributed 
to delayed puberty and catch-up growth in older children. Catch-up growth is 
known to be second opportunity for growth during the period of school age 
(adolescent) as it facilitates catch-up growth during this period for children 
experiencing nutritional deficits in their early life. However stunting appeared to 
be a persistent phenomenon beyond the 3"* year of life among children and it had 
significant impact at 10 year of age. They concluded that the majority of children 
enter adolescence with poor nutritional status. 
In recent studies related to the adolescent growth of children Joshi et al 
(1998), Kanade et al (1999) and Rao et al (2001) observed that children who were 
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underweight as well as stunted near take off have significantly lower attained 
values of weight and height as compared to their normal counterparts through out 
adolescence. In fact, the differences at the start (11 year age) weight (4 kg) and 
height (8 cm) almost increased to 12 kg and 10 cm by adulthood. Entering 
adolescence with poor nutritional status thus hamper the capacity for catch up 
growth and affect final body size. 
2.6.2 Current Situation 
The continuation of growth retardation as evident from the above studies 
is a matter of concern as it prevails in school children as undernourished, stunted 
and wasted children. Apart from this the low intake of nutrient and lack of health 
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care (if persist) further deteriorate the condition of school children particularly in 
developing countries, emerging itself in the form of high prevalence of 
underweight, stunting and wasting among them. 
The high prevalence of these has been recorded in recent studies, which 
were carried out on nutritional status of school children in developing countries 
(Zalilah 2000, Sellen 1995, Kaur 1998, Yadav 1999, Sujatha 1997, Agarwal, 
1999). 
One of the largest and most recent studies into the nutritional status status 
of school children in developing countries has been carried out in West and East 
Africa (Ghana and Tanzania), in South and North Asia (Indonesia and Vietnam) 
and the Indian subcontinent (India). It was found that the overall prevalence of 
stunting and underweight was found to be high in all the five countries, ranging 
from 48 to 56 per cent for stunting and from 34 to 62 per cent_form_underweight. 
The prevalence of wasting was found to be particularly high in Vietnam and India 
affecting 21 and 31 per cent of children respectively but was much less common 
than stunting or underweight. Children in Vietnam and India also showed higher 
levels of underweight and stunting than children in the other three countries. 
(ACC/SCN, 2000). 
The high prevalence of stunting is also reported in a publication of 
Nutrition Foundation of India (Agarwal et al, 1987) and also by the Central 
Technical Committee of Integrated Child Development Scheme (Armual Survey, 
1987) of the country, which stated that 45 to 90 per cent of children in different 
states of the country are undernourished both by Gomez and Indian Academy of 
Pediatrics classification of malnutrition. Large sections of children particularly 
girls have been reported to be suffering from varying grades of malnutrition 
(Banerjee et al 1968). 
The technical report of WHO (1998) on regional consultation on 
nutritional status of adolescent girls reported 45 per cent prevalence of stunting 
among girls and 20 per cent among boys with an average of 32 per cent in both 
sex. 
Rita et al (2001) in a study which was carried out at nine states of India on 
nutritional status of Indian school children found 83 per cent of children were 
malnourished based on Gomez classification, in which 35.5 per cent, 39.5 per cent 
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and 8 per cent children were suffering from grade I, grade II and grade III degree 
of malnutrition. 
A comparative study of Ministry of Human Resource Development (Govt, 
of India, 1998) has established that the children in Chandigarh had much better 
nutritional status when compared with the children in Delhi for their weights for 
age using Gomez classification. The proportion of children with normal 
nutritional status was higher in Chandigarh (28%) as compared to that in Delhi 
(21%). Further, as high as 8' per cent of total children were severally 
undernourished in Delhi in contrast to 4 per cent in Chandigarh. The percentage 
of moderate under nutrition was 19 per cent in Chandigharh and 27 per cent in 
Delhi. In Chandigarh, stunted children (42%) were much lower than in Delhi 
(51%). Prevalence of stunted children in the rural areas of Chandigarh (62%) and 
Delhi (54%)) were higher than the respective urban areas (Chandigarh 38%), Delhi 
51%). Proportion of severely stunted children (<Median-3SD) was much higher 
in Delhi (37%)) as compared to those in Chandigarh (17%)). In Chandigarh, wasted 
children were 17 per cent of the surveyed children as compared to 21 per cent in 
Delhi. Similarly prevalence of severely wasted children was almost three times 
higher in Delhi (9.4%)) than in Chandigarh (3.4%)). Wasting problem was more 
prevalent among rural children of Chandigarh as compared to urban children 
while it was reverse in Delhi. 
Yadav et al (1999) in a study on nutritional status and dietary intake in 
poor children of Bihar also observed that about 60 per cent of children were 
stunted while 40 per cent were severely stunted. According to weight for age 
criteria, the overall prevalence of under nutrition was about 55 per cent. 
Sujatha (1997) in her comparative study of children in municipal schools 
in Visakhapatnam city on health status of 2938 school children found that 
according to weight for age criteria 79.04 per cent children were undernourished 
and according to height for age 66.89 per cent children were stunted. 
In a similar study of nutritional status of school children with special 
references to anemia in Nagpur by Ingale (1985) found the prevalence of 
underweight on weight for age criteria to be 48.2 per cent and prevalence of 
stunting (height for age) to be 15.5 per cent. On comparison with Harward 
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standards she found the prevalence of underweight to be 95.3 and stunting 71.1 
per cent. 
Das (1998) reported that in Haryana the prevalence of severe under 
nutrition in the age group of 6 to 9 years of school age children was markedly 
different than those of 10 to 13 years. Prevalence of severe under nutrition was 7 
per cent in the age group 6 to 9 years while the corresponding prevalence was 17 
per cent in the age group of 10 to 13 years. In contrast, moderate under nutrition 
was almost same in both the age groups, prevalence of mild under nutrition and 
normal children were higher in the age group of 6 to 9 years as compared to the 
10 to 13 years, indicating improved nutritional status of children in the age group 
of 6 to 9 years. Sex differences in the various grades of under nutrition were not 
marked. The prevalence of severe and moderate under nutrition in the age group 
of 14 to 17 years were 12 and 41 per cent respectively. Girls in the age group of 
14 to 17 years had improved nutrition status because of their lower prevalence of 
severe (10%) and moderate (37%) under nutrition and higher percentage of 
normal (9%) children as compared to boys severe (14%), moderate (44%) and 
normal (4%) in this age group. 
In a study on nutritional status of urban school children of Jaipur, by 
Mukta et al (1998) 52 per cent of children were found to be malnourished based 
on the weight for age criteria. They found the height of most of the malnourished 
children was comparable with NCHS standards and only 6 per cent children were 
found stunted. 
Agarwal (1999) in a study examined 1144 school girls form affluent 
section found under nourishment was common in younger girls of primary section 
though stunting was more frequently seen in older girls. 
Rao et al (1984) also observed the same trend in their study on the 
nutritional status of children of urban slum around Hyderabad city. They also 
found that extent of weight deficit was of a greater degree than the deficit in 
height for age of the 102 subject studied, two had a normal height for age, six had 
a normal weight for height but no child had a normal weight for age. The analysis 
revealed that 92.1 per cent of the slum children were suffering from long duration 
malnutrition, 2 per cent were nutpitional dwarfs while 5.9 per cent were suffering 
from current short term malnutrition. Corresponding figures for rural Hyderabad 
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children were 81 per cent, 17.3 per cent and 16 per cent respectively suggesting 
that dietary and nutritional state of urban dwellers particularly, children is 
unsatisfactory than their rural counterparts. 
Devi et al (1999) in a cross sectional study on physical development of 
1657 rural school children of Andhra Pradesh, calculated the growth profile by 
using body mass index formula. They observed that about 58.4 per cent of boys 
and 48.5 per cent of girls to be in the category of moderately malnourished. The 
overall prevalence of malnourished children was 53.45 per cent, the severely 
malnourished children were found to be 40.5 per cent in boys and 37.3 per cent in 
girls. The overall prevalence of severely malnourished children was 38.4 per cent. 
They concluded that nearly two third of sample children were in the category of 
moderately malnourished followed by severely malnourished and normal 
categories. 
According to the recently conducted study on the nutritional status of 
adolescent school children in rural north India by All India Institute of Medical 
Sciences (Anand et al 1999), out of 505 school children aged 12 to 18 years 
studied, prevalence of underweight as per the NCHS norms among the boys to be 
between 31 per cent to 52 per cent without any clear trend of increasing or 
decreasing with age. In case of girls, it was from 4 per cent to 59 per cent. The 
prevalence of stunting was 37.2 per cent among girls and 41 per cent among 
boys with an over all prevalence of 38.5 per cent. Kurz (1994) also found a 
similarity in the prevalence of stunting in boys and girls from developing 
countries. 
2.7 Child, Family and Social Factors 
Growth is influenced by biological determinants including sex, birth order 
family composition and size and genetic constitution and by environmental 
factors including climate, season and unequal social structure like income, 
education, occupation, religion, customs, tradition like vegetarian and non-
vegetarian and nutritional intake (Pottor, 1963). 
Some of the well-documented studies have identified that the total 
environment in all its diversity exerts an influence on the growth and development 
of children. Various factors with in this environment have been measured as 
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inadequate nutrition, unequal social structure, socio-economic status of the 
family, like per capita income, occupation, education, family size and 
composition, type of family, birth order, gender etc are also shown to be 
important. These factors have a combined adverse influence on the development 
of children. This is because under nutrition or any other factor does not occur 
alone, it occurs in conjunction with other adverse environmental factors which 
influence physical and mental' development. The ongoing developmental 
transition in India provides valuable opportunities for studying the impact of socio 
economic development on growth performance. 
In a comparative study by Gopalan (1992) the striking differences in the 
growth performance between the poor children represented by the NNMB data 
and the affluent children represented by Nutrition Foundation of India data 
underscore the conclusion that dietary and environmental constraints and not 
genetic differences accounts for current wide difference in growth performance of 
children, not just with in India but in the world as a whole. 
Verma et al (1998) in their study on prevalence of anemia among urban 
school children of Punjab found that the mean hemoglobin level showed a rising 
trend with improved socio-economic status. Most of the children belong to lower 
socio-economic groups were anemic. Among environmental influences, 
especially nutrition is of greater importance. The anthropometric comparison of 
different racial groups has been done by different investigation to prove this. 
Greulich (1957) studying the physical growth and development of American bom 
and native Japeinese children observed that Japanese children brought up in the 
United State of America were taller and heavier than their counterpart in Japan 
possibly because of improved standards of nutrition and environment. Raghavan 
et al (1971) supported that anthropometric measurement and psycho-sexual 
development of Indian children belonging to the upper socioeconomic section of 
the community in whom there are* no constraints of food and who are not exposed 
to the adverse environmental factors, was similar to those seen in well nourished 
American children. This implied that the generic potential for growth and 
development of Indian children is similar to their American counterparts, if the 
ecological factors are constant. Banik et al (1982) also reported similar findings. 
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Studies conducted on assessment of physical growth in different socio-
economic strata are aimed at assessing the growth potential of a particular 
community and also to evaluate the magnitude of existing problem in terms of 
failure to attain the potential because of unequal social structure, nutritional, 
health, social, economic, gender differences and other factors. The privileged 
sections of the society represent the growth potential of a community while the 
backward and under privileged section represent the magnitude of the problems 
faced by the community. 
With regard to child and family variables Devi et al (1999) observed that 
age, class, parental education, occupation, caste and socio-economic status had 
significant relationship with physical development of children. Family size, 
family type and ordinal position of the children were not related to the child's 
physical development. Contrary to these findings, Sellen (1995) in a bicultural 
study of child growth performance in relation to diet and social and nutritional 
status of children in Tanzania established that nutritional status of children was 
directly associated with age, sex and birth order. 
Zalilah et al (2000) carried a cross sectional study in Malaysian school 
children and found that male children had significantly lower mean for height for 
age than female children and also children from higher income group had higher 
mean for height for age indicating that height was significantly related to 
household income. They found that none of the other factors like age, birth order, 
number of children, and household size etc show any significant relationship for 
nutritional status of children. 
2.7.1 Age 
Anand et al (1999) in a study observes that the prevalence of stunting (low 
height for age as per NCHS references) among boys showed a declining trend 
from 56 per cent at 12 year of age to 25 per cent at 17 year of age. If Indian norms 
are used, the prevalence of stunting comes down from 33 per cent at 12 years to 
20 per cent at 18 years. The prevalence of stunting drops down sharply at 14 
years of age. This may be due to the pubertal growth, which occurs at this age. 
The prevalence among girls was found to be along similar line though the number 
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of girls in each age group was smaller. They concluded that the prevalence of 
underweight in girls were lesser than in boys. 
The degree and prevalence of stunting and underweight have been found 
to increase with age with older children diverging further from the reference 
median for height (Dolan, 2000). The findings of Zalilah et al (2000) also indicate 
that malnutrition is still prevalent among older children although a majority of 
them were mildly malnourished. 
This is also evident from the cross sectional data which showed that the 
prevalence of stunting increased with age (14 per cent prevalence in 7 years old 
increasing to 83 per cent in 13 years old) which peaked in girls at age 12, then 
decline when they entered their pubertal growth spurt. In boys however the 
prevalence of stunting rise steadily up to age 13 years and slowly decline 
(Stoltzfus et al, 1992). 
In Chile, a country undergoing the nutrition transition, height deficits have 
been compared among children entering first grade in 1987, 1990, 1993, and 
1996. Overall, height deficits have declined in both boys (from 10.6 per cent in 
1987 to 7.3 per cent in 1996) and girls (from 7 per cent in 1987 to 5 per cent in 
1996) although the overall height deficit in boys was found to be greater in each 
period studied. As with the findings from East Africa, stunting was found to 
increase with age 2.2 per cent of 5 to 6 year olds were stunted compared to 13.1 
per cent in children over 8 years old. (Kain et al, 1998). 
2.7.2 Gender 
A recent cross sectional survey of the nutritional status of adolescent boys 
and girls in Bangladesh found that 67 per cent of adolescents were thin (BMI <5"^  
percentile of WHO reference) and 48 per cent were stunted. Where as thinness 
was found to decline in prevalence with age from 95 per cent at age 10 years to 65 
per cent at age 17 years, 77 per cent of boys were found to be stunted by the 
age of 17 years compared to 34 per cent of girls at the same age (Shahabuddin et 
al, 2000). They also found that boys were also more likely to be thin than girls. 
These findings are in agreement to the formerly held evidence that suggest that 
boys were more likely to be stunted and underweight than girls. In some 
countries, boys were also significantly more likely to be wasted or thin than girls. 
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The reason for the apparent higher levels of stunting in boys is unclear and may 
be influenced by a bias in the school population. It is also suggested that it could 
reflect delayed onset of puberty, itself caused by under nutrition and the failure to 
reach their growth potential through slow compensatory linear growth. 
Zalilah et al (2000) in a study in Kuala Lumpur found 52 per cent, 47 per 
cent and 36 per cent of the school children were significantly under weight; 
stunted and wasted respectively. Prevalence of under weight was 56.5 per cent in 
boys and 45.3 per cent in girls. In case of stunting and wasting it was observed 
as 50.7 per cent, 42.6 per cent and 38.3 per cent and 32.6 per cent in boys and 
girls respectively. Altogether more boys than girls were found to be experiencing 
some form of malnutrition. The findings indicate that malnutrition is still 
prevalent among older children although a majority of them were mildly 
malnourished. 
Kotecha et al (1999) studied the children for malnutrition using Indian 
Academy of Pediatrics classification and by applying NCHS standard for weight 
for age, Indian Academy of Pediatrics showed 22.3 per cent prevalence of 
malnutrition with 1.68 times higher level of malnutrition in girls than in boys. 
When NCHS standards were applied on these data, the prevalence was as high as 
51.1 per cent, but the gender differences disappeared completely, with both boys 
and girls showing an equally high prevalence. These data thus points out to the 
fact that looking at the magnitude of malnutrition or at the gender differences in 
the malnutrition depends more on the classification system used. 
2.7.3 Birth Order 
According to the National Family Health survey (NFHS-1992) under 
nutrition increase with increasing birth order and decreasing birth intervals. 
Children bora at close intervals and 4"' and above bom have the highest level of 
under nutrition. The report revealed that 56 per cent are under nourished in this 
category. In a recent study in Benghazi, Libya on growth pattern of primary 
school children, Sharbati et al (2001) concluded that the nutritional status of the 
school children, which was good before the begirming of schooling was 
negatively affected during the school years. They attributed, that this could be due 
to births in the family and consequent neglect possibly by reduced attentions from 
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mother as it diverted towards new bom or younger children in the family. The 
same fact was also established by Sellen (1995) who reported that nutritional 
status of children was directly associated with birth order, Contrarily to this Devi 
et al (1999), Ray et al (1999) and Zalilah et al (2000) reported in their studies that 
ordinal position of the children has no significant relationship with physical 
development of the children. 
2.7.4 Family Size 
In a study of nutritional st^ itus of school children of Nagpur, Ingale (1985) 
observed that according to family size and nutritional status as per ICMR weight 
for age standard, children with family size up to six, were 58.1 per cent normal, 
20.2 per cent were in grade I, 17.8 per cent in grade II and 3.9 per cent were in 
grade III. In families with size seven or greater, 51.2 per cent were in normal 
grade, 25.6 per cent in grade I, 18.2 in grade II, and 4.9 per cent in grade III 
category. In all families from 3 to 7 and above not a single child belonged to 
grade IV. In families with 3 to 4 member, only 24 to 26 per cent were in grade I 
and II and rest about 73 to 75 per cent, were in normal grade. While in families 
with family size from 2, 3 and 4, there was no child who belonged to grade III and 
grade IV. She concluded that family size is significantly associated with 
nutritional status of the children. Srivastava (1978) found significant association 
between family size and nutritional status of primary school children. Louise 
(1996) in her study also found that nutritional status was related to family size, 
income and ethnic origin. Where as Devi et al (1999) established that family size 
was not found to be related the child's physical development. Zalilah (2000) in 
Malaysian children revealed that household size, as a factor did not have 
significant association with nutritional status of children. 
2.7.5 Extended and Nuclear families 
Doan (1989) in a study on nutritional status and family structure in Jordan 
found that children in extended families were shown to have lower weight for age 
on an average than children in nuclear families, after controlling. The other 
factors the effect was more intense for girls. In addition, the growth of girls was 
significantly lower than boys in crowded households. In his analysis he also 
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yielded a significant interaction between nuclear families and better nutritional 
status. 
In a study on home environment and development, Vazir 1998 assessed 
that small family size was found to be important for positive development.He 
reported that nuclear families were significantly related to better nutritional 
status. 
2.7.6 Education 
Washi (1992), in a study in Sudan found that the children of mothers with 
higher educational achievement tended to perform better in school and to have 
lower absenteeism rates. Lower absenteeism was also associated with higher 
weight for height percentiles, fewer illness, and higher language scores. He 
established that girls of highly educated mothers scored significantly higher in 
mathematic and language than boys. 
Zaki (1999), in his study in Sri Lanka found that mother's literacy also 
shows a high positive impact on healthy growth of children, due to its 
modernizing and conscientious aspects. He also found a positive relationship 
between maternal employment and the nutritional status of their children. Though 
the main effect of maternal employment on the nutritional status is negative, 
however due to the existence of an interaction between maternal employment and 
the use of improved income facility (a manifestation of improved life style) the 
impact of maternal employment on the nutritional status of children becomes a 
positive. 
India Nutrition Profile (Das, 1998) in its report at National Level observed 
with respect to income, literacy level and dietary intake that per capita annual 
income and consumption of all food stuff except cereals showed positive 
relationship. Such a positive relationship of food consumption except for cereals 
and sugar was also observed with literacy level. Literacy and income are closely 
linked and various studies showed that cereal consumption decreases and other 
food intake increase with higher income. Literacy level also increases awareness 
to choose the food items in appropriate proportion, which is reflected in the food 
consumption pattern. 
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Kassouf (1993), in a study of estimation of health demand of children in 
Brazil concluded that mother's education; household infrastructure and household 
income have a positive impact on children's health. Children from less educated 
mothers benefit more from improvements in house hold infrastructure than 
children from more educated mothers, who are able to better protect their children 
against a lack of resources. The coefficients of the fathers and mothers estimated 
wage rate have negative signs indicating that less time is allocated to the child's 
care as the opportunity cost of the parent's time increases. Doan (1989) yielded a 
significant interaction between household income and mother's education at low 
income levels, mothers education makes no differences, at middle levels, the 
effect was significant, but at high levels, mother's education loses its importance. 
2.7.7 Occupation 
Rao (1984) in his study of efficiency of some anthorpomatric indices for 
the diagnosis of malnutrition reported that prevalence of under nutrition in 
children of parents with lower occupational level was higher than those in better 
off occupation. He also reported in 1978 in his study that children of parents with 
better economic status were taller and heavier than those in deprived 
communities. 
Vazir (1998) in her study on development and home environment of 
children reported that among the other significant factors related to better 
nutritional status of children paternal occupation is also one of the significant 
factors. 
Zaki (1999) in a study on maternal employment and nutritional status of 
children found a positive relationship between maternal employment and the 
nutritional status of their children.. 
^Ogden (1993) in his study on maternal activities and the child nutrition in 
Rwanda, Africa, derived the conclusion that mother's work had a negative impact 
on weight for-age in the poorer households, but had a positive impact in the richer 
households. 
The dominant mechanism through which maternal employment is thought 
to affect nutritional status is mother-worker roles incompatibility. This implies 
that working mothers may not be able to provide adequate care for their children. 
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However, as a greater proportion of the income earned by a woman observed to 
spend on food items, this tends to offsets the anticipated negative effect of a 
working mother's allocation of less time for childcare. 
2.7.8 Income 
The standard of living of the family is an important factor determining the 
health of the individuals. Children from well to do families have better height and 
weight. Banik et al, (1982) show .that the mean 50"^  percentile height of children 
of both sexes aged 0-14 years belonging to higher income group compared well 
with the 50"^  percentile of American children, whereas children from the lower 
income group corresponded with 25"' percentile of the American standard. It was 
further observed that the mean weight of the children of the sexes coming from 
higher income group corresponded with 50* percentile of the American children. 
The mean weight of the children belonging to lower income group corresponded 
with 10* percentile of American standards. 
Studies among adolescent girls, conducted by Tripathi et al (1985) and 
Agarwal et al (1992) have observed that the height, weight mid upper arm 
circumference and triceps skin fold thickness were significantly lower in those 
from the poor income group than the well to do group. 
Chaturvedi et al (1996) observed a deficit in the height and weight of the 
adolescent girls of rural Rajasthan and attributed it largely to dietary 
insufficiencies. Similar findings were reported earlier by Gopalan et al (1984). 
Common causes of malnutrition among adolescent girls in poor community are 
less access to food and inadequate knowledge about dietary requirements. 
Varying social customs and common beliefs against females are other reasons of 
high prevalence of malnutrition amongst girls. There is thus a need to take up 
nutritional intervention measures to improve the nutritional status of the future 
mothers to be. 
The study by Chaturvedi. et al (1996) on the nutrient intake amongst 
adolescent girls belonging to poor income group of rural areas of Rajasthan 
revealed that the diets were deficient by 26.36 per cent in calories with respect to 
the recommended daily allowances as advised by ICMR. 
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Gopalan (1992) compared the data collected by Nutrition Foundation of 
India on height and weight of children by affluent section of the population for 
five large cities of India viz. Ludhiana, Delhi, Varnasi , Calcutta and Bangalore, 
with the data collected by NNMB on height and weight of the general run of poor 
children in the country, showed striking difference in the growth performance. 
The height and weight of poor Indian children were much lower than the affluent 
children. 
Pariera et al (1983), Tripathi (1985) and Agarwal et al (1992)1, have 
shown that anthropometric values were higher in girls from upper income group 
when compared to lower and middle income group and, were also significantly 
lower than those of British and American girls. As against this Raghavan et al 
(1974) has noted that increments in anthropometric parameters in well to do 
Hyderabad children over a four year period were comparable to American 
children. Bishbandhu et al (1980) showed that anthropometirc measurements of 
lower income class children were lower than their upper income class. 
Pushpamma et al (1982) in her study on nutritional intake and 
anthropometry of children living in rural Andhra Pradesh noted that the girls in 
Andhra Pradesh were lighter in weight than their counterparts from high income 
groups, however their mean weight was in close agreement with the regional 
values. These findings were similar to the earlier reports by Satyavathi et al 
(1981) who had observed weight gains of 13.0 and 12.0 kg respectively in urban 
and rural girls of middle-income group in the age interval of 10 to 15 years. 
In an investigative study of the Nutrition Foundation of India on growth of 
Indian adolescent girls drawn from the most affluent section of the population free 
from various dietary and environmental growth constraints showed that the height 
attained by the Indian girls at their 12 year was almost identical to those 
represented by NCHS standard. However between the 12"^  and 18* years there 
was a divergence between the NCHS and the Indian growth pattern. Nutrition 
Foundation of India attributed this fact to the wide differences in population 
group. It is understandable that difference in the time of onset of puberty could 
account for difference in pattern of the growth spurt during adolescence. 
Pareira et al (1983) in their study on physical growth characteristics of 
adolescent girls of upper socio-economic group have seen that Indian girls are 
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comparatively lighter and shorter than British (Tanner, 1966) and American girls. 
These findings were in agreement with the earlier findings of Satyavathi et al 
(1981). Pariera et al (1983) has suggested that the difference in growth could be 
mainly a reflection of the genetic potential or to some extent due to study stress 
resulting in spending more time reading in doors with no participation in outdoor 
sports. He did not considered nutritional constraints had in any way affected 
growth in those girls. 
2.8 Diet Survey 
Indian Council of Medical Research in its diet surveys reports that 
nutrition is one of the major factors responsible for the maintenance of health and 
physical fitness and in turn the status of nutrition of any community or group of 
people depends to a very great extent on the quality and quantity of food 
consumed (ICMR, 1951). The actual amount and the type of food consumed by 
the different age, sex, occupational, social or economic groups were essential to 
improve the nutritional condition of the people. 
The value of nutritional assessment is greatly enhanced when it is 
supplemented by an assessment of food consumption. Direct assessment of food 
consumption involves dietary surveys, which may be household inquires or 
individual food consumption investigations (Park and Park, 1997). The analysis of 
food intake as part of an assessment of nutritional status is useful in providing 
evidence of nutrition intakes that may be suggestive of inadequacies. (Guthrie, 
1979). 
Aykroyd (1948), Davidson and Passmore (1963) report that the quantative 
information about the food eaten'by a people or a community if compared with 
physiological standards of human needs can serve as tool for the assessment of 
nutritional status. 
According to Eppright et al (1952) food habits of the people, the kind of 
food eaten, the distribution of food among meals and the estimate intake of 
nutrient will be shovra by dietary studies. 
National Nutrition Monitoring Bureau in its valuable finding about the 
dietary pattern in different states of India found that consumption of food increase 
with increasing income, except cereals and roots and tubers. The mean 
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consumption of pulses, green leafy vegetables, milk, meat, fats and sugar were far 
below the recommended allowances. Recommended dietary intake is the 
minimum average daily intake of a nutrient over a period of time that would 
assure, good health in the community (Banerjee 1968). Although the average 
nutrient intake increases with increase in income, intake of iron and vitamin A 
seen to be used far below the recommended values even in higher income groups. 
Dietary surveys help to uhcover current nutritional status of a particular 
population over a period of time it also help to find out the dietary habits and life 
style and to assess the impact of changing environmental conditions like drought, 
famine etc. All these important facts help to provide guideline for improvement. 
Government of India in its report India Nutritional Profile (Das, 1998) 
which was focused on the dietary intake of the population at the national level 
reported that overall average food consumption per consumption unit per day was 
adequate for cereal, roots and tubers and other vegetables in comparison to the 
recommended allowances. Consumption of other foodstuff such as pulses, green 
leafy vegetables, fruits, milk, fats and oils, and sugar was inadequate. 
On comparison of interstate intake of food consumption in northern 
region, it reported that while Himachal Pradesh and Rajasthan revealed higher 
dietary intake of cereal, Haryana. Punjab and Rajasthan showed lower intake of 
cereal than recommended daily allowances. Average intake of pulses, green leafy 
vegetables were inadequate in Haryana, Punjab and Rajasthan, while intake in 
Himachal Pradesh was above the recommended daily allowances (RDA). On an 
average vegetables were consumed at a lower level than recommended daily 
allowances in all four states ranging from 38 to 47 g/day. The intake of other 
foodstuff was comparable with the RDA except for fats and oils. Average intake 
of fats and oils in Punjab was as low as 7g/day, which was also lowest among all 
the four states. The study revealed that considerably higher amounts of milk and 
its products were consumed in Haryana and Punjab than that in Himachal Pradesh 
and Rajasthan but the consumption of flesh food was almost negligible in these 
states. It also reports that in the urban areas of Rajasthan, average consumption of 
cereals, green leafy and other vegetables as well as sugar was substantially below 
the recommended allowances. 
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In the same study, it was revealed that the food consumption pattern in 
Chandigarh and Delhi was almost similar. Average intake of cereals and green 
leafy vegetables was inadequate and pulses was adequate both in Chandigarh and 
Delhi. On an average, consumption of roots and tubers were more than twice its 
recommended allowances while average intake of other vegetables were 
comparable with the recommended allowances. Average intake of milk and its 
products as well as fats and oils was quite high, being almost twice the value of 
recommended allowances in Chandigarh, whereas their intake was marginally 
above recommended allowances in Delhi. Flesh food consumption was also not 
common among the people of the-two areas. Average sugar intake was inadequate 
in the state of Delhi only. 
With regard to the frequency of food intake, the study report that cereals, 
that constitute the bulk of the diet, were consumed daily by all the households 
(99.5%). Millets were consumed daily by 11 per cent, weekly by 10 and 
seasonally by 17 per cent of the households surveyed. Pulses were consumed 
either daily (31%), weekly (62%)) or fortnightly (6%) by majority of the 
households. Average roots and tubers were consumed by 70 per cent households 
daily and 27 per cent weekly while other vegetables were consumed daily by 52 
per cent and weekly by 40 per cent households. Green leafy vegetables were taken 
daily by 30 per cent and weekly by 38 per cent households. Generally, fruits were 
consumed monthly (24%), or fortnightly (23%)), though 20 per cent of the 
households also took it weekly. Another 22 per cent took fruits either daily, 
seasonally or occasionally. The households in most of the districts did not 
consume flesh food. A total of only 12 per cent of the households consumed it on 
different frequencies in a few districts. Fats and sugar, however, were daily food 
items in all the households. 
Yadav et al (1999) observed the food consumption by age and sex 
categories in a study of a nutritional status and dietary intake in tribal children of 
1 to 6 year of Bihar. They observed that consumption of cereal, pulses were 
almost same in younger age group of boys and girls. The consumption of milk 
product fats and oils were higher for boys as compared to girls. They further 
noted that protein was in broad line with the recommended dietary allowance in 
all age groups, where as energy intake was about 80 per cent of recommended 
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daily allowances. They found that intake of fat and other nutrient was also lower 
as compared to recommended daily allowances in all age groups. The calorie 
deficiency among children was 38 per cent, protein deficiency was 19 per cent 
and both calorie and protein deficiency was 19 per cent. The study concluded that 
the children who were calorie adequate were also protein adequate. 
Surveys on dietary intake by various investigators (Sataynarayana et al 
1981; Gopaldas et al 1983; Thakore et al 1989) have shown that diets of low-
income groups were inadequate when compared to recommended daily 
allowances. Bishbandhu et al (1980) had earlier noted significant differences in 
nutritional status of urban children of different socio-economic classes. Kapil et al 
(1993) in a study of the dietary intake among school children from upper socio 
economic class in Delhi concluded that both in girls and boys the calorie intake 
was deficient by 26 to 27 per cent. 
2.8.1 Vegetarian and Non-Vegetarian 
Sanders (1988) had carried out a longitudinal study of the growth 
development of children born of vegan mothers and reared on a vegetarian diet. 
All these children had been breast fed for at least the first six months of life. The 
majorities of these children grow and developed normally, but they did tend to be 
smaller in stature and lighter in weight than standards for general population. 
Verma et al (1998) in a study of 2000 school children aged 5 to 15 years in 
Ludhiana revealed that at almost all ages significantly (P<.001) more vegetarian 
children (65.9 %) were anemic. 
Sachdev et al (1995) observed that the risk of iron deficiency is greater 
with purely vegetarian diets as compared to non-vegetarian diets. 
Tayter et al (1989) have compared the anthropometric measurements and 
nutrient intake of non-vegetarians with those of vegetarian children of the same 
age. They observed that mean height for both groups were above the 50"^  
percentile values; mean weights were above the 50* percentile for non-vegetarian 
children and above the 30* percentile for vegetarian. On the basis of the weight 
for length index, while 17 per cent of non-vegetarian boys were considered obese, 
none of the vegetarian boys fall in the obese category, however, in case of girls 
vegetarian diets were apparently not as protective against obesity as in the case of 
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boys. They concluded that while vegetarian f^e^ s promotes linear, growth (height 
increment), just as well as non-vegetarian diets, they are less likely to promote 
obesity. This must be considered an advantage. 
2.8.2 Nutrient Intake 
Nutrition influences growth and development before and after birth. The 
period between 5 to 15 years is of peak growth for both boys and girls and 
nutritional requirement in relation'to body size are hiore during this period. Under 
nutrition during this phase of life will influence the nutritional status of young 
aduhs. 
Ministry of Human Resource Development (Das, 1998) in its report India 
Nutritional Profile revealed that at national level, the average intake of nutrient 
was adequate for protein, calcium, thiamine, niacin and vitamin C in all the age 
groups. Average energy and fats intake was adequate in the higher age groups 
while in the younger age groups from 5 years to 12 years, intake was marked by 
below the recommended daily allowances. Average intake of iron, riboflavin and 
vitamin A was deficient almost in all the age groups. 
National Nutrition Monitoring Bureau, showed that the height, weight and 
growth rate of adolescents of low socio-economic groups were about 70 to 80 per 
cent of those of well to do adolescents because of chronic deficit of nutritional 
intake. Studies reported earlier revealed that a large section of Indian population 
suffers from varying grades of malnutrition. Banerjee (1968); Gopalan (1961). 
Das (1998) reported that in northern region, in urban areas of Rajasthan 
the average energy intake was below its recommended allowances. Average 
intake of protein, calcium, thiamine niacin and vitamin C was adequate in 
Himachal Pradesh, Haryana, Punjab and Rajasthan. Riboflavin and vitamin A 
intake was however inadequate as compared to their respective recommended 
allowances. The inadequate intake of vitamin A could be attributed to extremely 
low intake of green leafy vegetables in these four states. Average iron intake was 
comparable with RDA in Punjab and Rajasthan whereas it was inadequate in 
Haryana and Himachal Pradesh. Average total fat (visible and invisible) intake 
was lowest in Punjab, followed by Himachal Pradesh, Rajasthan and Haryana. 
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In the same study she reports that average daily intake of energy per 
consumption unit was adequate where as in Delhi, it was much below its 
recommended allowances. Average intake of protein, calcium, thiamine, niacin 
and vitamin C was above the recommended level in both the areas. Average total 
fat intake in Chandigarh and Delhi was quite high. Iron, riboflavin and vitamin A 
intake was deficient, which could also be attributed to extremely low intake of 
green leafy vegetables. 
. The dietary survey of Pushpamma et al (1982) in Andhra Pradesh showed 
that the anthropometric measurement of rural adolescents of Andhra Pradesh were 
lower than those of the higher income group. This was mainly attributed to the 
continuous nutrient inadequacy during the growth period. They observed that the 
diet was also inadequate in all nutrients including iron, proteins, calcium and 
calories. This study showed that the adolescent girls of Andhara Pradesh have a 
deficit in height and weight largely because of dietary insufficiency. Analysis of 
the nutrient intake showed that requirements of vitamin C and vitamin A were 
most inadequately met. Requirement of calories, proteins and niacin were met up 
to 80 to 85 per cent while requirement of calcium and thiamine and riboflavin 
were met up to 40 to 50 per cent of recommended daily allowances. Though fats 
and oil, sugar and jaggary were the important sources of energy, which were 
consumed in small amount because of their costs. Cereals contributed to 75 to 85 
per cent of both calories and proteins in the diet. Similarly Sarupriya et al (1988) 
in a study on nutrient intake of rural adolescents of Rajasthan found that nutrient 
intake was below recommended daily allowances with the exception of proteins. 
Kapil et al (1993) in a study of nutritional intake in adolescent well to do 
boys and girls in Delhi found that the dietary intake was less in case of both boys 
and girls when compared with recommended daily allowances. In the age group 
of 13 to 15 years in case of boys the deficit in calorie intake was 23 per cent while 
in case of girls it was 27 per cent. Protein intake was in deficit by 16 to 18 per 
cent in both boys and girls. They reported that the reason for inadequate intake of 
calories was due to ignorance about nutrient requirements. Another reason for 
poor nutrition in well to do girls was skipping of meals to maintain their figure. 
The higher prevalence of malnutrition especially among girls was also due to 
various social customs and common beliefs against females, (Bhatia et al, 1993). 
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Tayter et al (1989) in their study on intake of vitamin C by school children 
found that mean intake of vitamin C was less than 30 mg/day in 12 per cent of 
boys and 13 per cent of girls in 7 to 12 year old children and 14 per cent of boys 
and 20 per cent of girls in 13 to 18 year old children. For both age groups, 21 per 
cent of boys and 27 per cent of girls consumed between 30 mg and 60 mg of 
vitamin C. 
In a detail report on nutritional profile of Haryana by Ministry of Human 
Resource Development (1998) observed that the average daily intake of energy 
(2336 kcal) and vitamin C (39 mg) was comparable to the recommended 
allowances, while over all intake of protein, calcium, thiamine and niacin was in 
excess of the respective recommended allowances. Calcium and thiamine were 
consumed double the amount of recommended allowances. On the other hand, 
average iron, riboflavin and vitamin A intake was deficient as compared to the 
recommended allowances by 8 per cent, 22 per cent and 31 per cent respectively. 
Mukta at el (1998) in their study on nutritional status of urban school 
children observed that the average intake of energy, protein, iron and vitamin A 
was lower than recommended daily allowances, while the mean intake of calcium 
was found to be satisfactory. 
2.9 Clinical Examination 
Clinical examination is an essential feature of all nutritional survey since 
their ultimate objective is to assess levels of health of individuals or of population 
group in relation to the food they consume. It is also the simplest and the most 
practical methods of ascertaining the nutritional status of a group of individuals 
(Park andP-ark, i 9 2 7 ) _ 
Clinical observation, the least sensitive approach, lend themselves to use 
in nutritional survey of population groups because they involve an assessment of 
the health of those parts of the body that can be readily observed in a routine 
physical examination and do not involve obtaining blood, urine or tissue samples. 
The most commonly observed tissue are the eyes, mucous membrane, skin, hair, 
mouth, teeth, tongue, thyroid gland and lower extremities (Guthrie 1979). 
Davidson and Passmore (1963) view that the difference between the well 
and poorly nourished children can be assessed through clinical examination. 
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However the usefulness of clinical examination can be greater when carried out in 
conjunction with a family dietary, social and economic survey. According to 
Plough (1962), of all the procedures that may be employed in the evaluation of 
human nutritional status, the simplest and most basic is clinical examination. 
Gopalan and Rao (1961), remark that clinical assessment of malnutrition has 
gained particular important in India due to the wide spread signs of frank 
deficiency. Behar et al (1960)'opine that three types of findings, clinical, 
biochemical and dietary complement one another and together make possible an 
evaluation of the nutritional status, which cannot be achieved without all the 
three. 
Nutritional deficiencies were widely prevalent in rural and urban school 
children due to poverty, ignorance and high incidence of infection (Agarwal 
1999). He established that under nutrition, anemia and vitamin A deficiency were 
common even in higher socio-economic strata. The significant health problem at 
this age need prior attention as any deviation from normal health in this age group 
is likely to have adverse consequences in future. This may be possible, if 
periodical clinical examination of school children is adopted to combat it. 
Vazir et al (1998) suggests that despite the complicated nature of the 
problem of nutritional deficiencies much can still be done if developmental delay 
(or nutritional deficiencies symptoms) are detected early and the required 
stimulation (treatment) and training are provided for children suffering from 
nutritional deficiency living in deprived environment. 
Clinical examination bring to light symptoms of several deficiency states 
such as; 
-Vitamin A deficiency as manifested by conjunctival xerosis, Bitot's 
spots, xeropthalamia, as observed by ICMR (1952) Rao et al (1953) 
Swaminathan et al (1960) and Agarwal et al (1999). 
-Riboflavin deficiency as revealed by cheilosis, buccal mucosa stomatitis, 
angular stomatitis and atrophic papillae, as recorded by Indian Council of 
Medical Research (1953), Rao et al (1961), NNMB (1984), Das (1998). 
-A pale colour of the mucous membrane on the underside of the eyelid. 
(Conjunctive pallor) is suggestive of iron deficiency anemia as observed by 
Agarwal et al (1999), and Verma et al (1998). Anemia, iron deficiency in the 
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form of pallor can be detected as conjunctive pallor. The colour of the mucous 
membrane particularly those on the underside of the eye lid, in which blood 
supply is close to the surface, provides an opportunity to observe the 
pigmentation of the blood. 
-Goitre as manifested by enlargement of the human thyroid gland, 
resulting in a permanent swelling at the front of the neck, due to an inadequate 
intake of iodine can be easily detected by clinical examination as reported by 
Guthrie (1979), Stanbury (1994), Kapil (1995), Brahmbhatt (2001). 
2.9.1 Nutritional Anemia 
A pale colour of the mucous membrane on the underside of the eyelid, 
(conjunctive pallor) is suggestive of iron deficiency anemia as observed by 
Agarwal et al (1999) and Verma et al (1998). Anemia, iron deficiency in the form 
of pallor can be detected as conjunctive Pallor. The colour of the mucous 
membrane particularly those on the underside of the eye lid, in which blood 
supply is close to the surface, provides an opportunity to observe the 
pigmentation of the blood. 
In a study on prevalence of anemia among urban school children of 
Punjab, Verma et al (1998) found that diligent clinical observation for pallor 
correlates well with the estimation, as only 7.5 per cent of the anemic children 
* 
were not detected clinically. Out of two thousand school children studied, clinical 
pallor could be detected in 44 per cent of the total children while 51.5 per cent 
were anemic as per hemoglobin estimation. They observed that the prevalence of 
anemia was inversely proportional to age, 77 per cent children below and 34.3 
per cent above 11 years had anemia. They found a significantly higher number 
(P<0.01) of girls were anemic at all ages except at 5 years and at 10 to 12 years of 
age. In this study a higher (36.4 %) proportion of menarchial girls had anemia. 
The niean hemoglobin showed a rising trend with improved socio-economic 
status. Most of the children belonging to lower socio-economic groups were 
anemic. The striking finding was that 38 per cent of children of upper and upper 
middle class had anemia. They further found that the prevalence of anemia was 
high (71.5%) in the under nourished children but among well-nourished group 
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also nearly half (47.6%) were anemic. Even the mean hemoglobin of both these 
groups was lower than the WHO standard for the age 
In a study on adolescent girls, Vasanthi et al (1994) also observed a high 
prevalence of iron deficiency among menarche girls of urban and rural areas. She 
assessed the prevalence of anemia, which were 28 per cent in girls who attained 
menarche and 22 per cent in girls who had not attained menarche. Kapoor and 
Aneja (1991) noted that 47 per cent of adolescent girls of high socio-economic 
group had anemia although under nutrition was not a major problem in the group. 
In the lower middle socio-economic class 56 per cent prevalence of anemia was 
noted. 
Agarwal et al (1999) in a study of school girls aged 5 to 15 years from 
affluent population of Mumbai found pallor was relatively more common in older 
girls. 
Anand et al (1999) in a study on nutritional status of adolescent school 
children in Rural North India observed that prevalence of anemia was 27.8 per 
cent in young boys (12 years to 14 years) compared to 41.3 per cent in older boys 
(15 year to 18 year) Anemia was present in 51 per cent of young girls compared 
to 38.5 per cent in older girls in both the age groups. The over all prevalence of 
anemia in girls was 48 percent. 
Sheshadri (1997) in another study of 1500 girls of age 10 to 19 years from 
10 villagers in Gujarat reported the prevalence of anemia to be 60 percent. 
Joshi et al (1998) in her study of anemia and adolescent growth among 
rural children aged 8 to 18 years in Pune found the prevalence of anemia was 
higher near the age at the take-off* (up to 12 years) but decreased as age advanced 
in both the genders. Attained weights and heights were significantly lower 
through out adolescence in boys when hemoglobin was below 11 g/dl, and were 
also smaller for anemic boys (161.7 cm) compared to normal (164.7 cm) such 
differences between anemic and normal girls were not noted. However, they 
noted the age at menarche to increase with decrease in hemoglobin level. They 
suggested that differential impact of anemia on adolescent growth in boys and 
girls needs further investigation. 
In a study on nutritional anemia across socio-economic boundaries among 
high social economic school children in the age of 6 to 15 years of Gujarat, Iyer 
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et al (1998) found prevalence of anemic to be 21 per cent. They also observed 
that the prevalence was higher in younger age group (< 10 years) as compared to 
older children (> 12 years) they noticed none of the socio-economic factors 
studied showed any association with hemoglobin level. However he observed that 
the mean dietary iron intake was low in relation to the recommended daily 
allowances and attributed that coitld be one of the major causes of anemia in high 
socio-economic group children. 
Mohaptra et al (1998) in Orissa in a study on nutritional status of school 
children aged 5 to 15 years investigated that the prevalence of significant anemia 
was 32.3 per cent in boys and 37.2 per cent in girls. 
Ingale (1985) in a study on nutritional status of school children aged 6 to 
12 in Nagpur noted the overall prevalence of anemia for both sexes and all ages 
to be 73.1 per cent. The overall prevalence of anemia in male and female was 
more or less similar, 72.8 per cent for boys and 73.4 per cent for girls. The 
prevalence showed a decreasing trend with increasing age of children. In the age 
group of 6 to 7 year prevalence was 80.6 per cent where as in the age group of 11 
to 12 year the prevalence was 53.8 per cent. She also observed that the prevalence 
of anemia varies according to socio-economic status. She noticed a well-defined 
upward trend in the prevalence with deteriorating socio-economic status with 
regard to distribution of anemia according to grades of nutritional status, she 
found that the proportion of anemic children rises steeply from normal grade of 
58.8 per cent to 96.2 per cent in grade II category. 
Sujatha (1997) in a comparative study of school children revealed the 
overall prevalence of anemia in boys to be 16.91 per cent and in girls 14.5 per 
cent. She also reported that the prevalence of anemia was 29.86 per cent, 10.15 
per cent and 4.26 per cent in municipal, private and rural schools respectively. 
2.9.2 Vitamin A Deficiency 
Agrawal (1999) in a study of 1144 school children of Mumbai observed 
that sign of vitamin A deficiency was limited to conjunctival xerosis as bitot's 
spots and none had night blindness, with overall prevalence of 7.2 percent. 
In Orissa, Mohaptra et al (1998) recorded the prevalence of vitamin A 
deficiency to be 10.6 per cent and the prevalence of Bitot's spots was noted to be 
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6 per cent in school children aged 5 to 15 year. They also noticed 15.3 per cent of 
prevalence of vitamin A deficiency among the semi urban school children. 
I^ukta et al (1998)^  in a study on nutritional status recorded the prevalence 
of vitamin A deficiency to be 5 per cent in the urban school children aged 6 to 9 
years from low socio-economic group of Jaipur city. 
In a study of nutritional status of school children of age 6 to 12 years in 
Nagpur, Ingale (1985) observed that signs of vitamin A deficiency like 
conjunctival xerosis and Bitot's spots were seen in 16.6 per cent of children, out 
of which Bitot's spots was found in only 7.69 per cent of children. She quoted 
Gupta et al (1977) who in their study of 1000 rural and 1000 urban school 
children found 12 per cent of children suffering from vitamin A deficiency and 
Indira et al (1976) in their comprehensive study of school children of Tripati 
found 17.5 per cent suffering from vitamin A deficiency, Sundarsam (1978) also 
reported 10.7 per cent to 24.8 per cent of school children suffering from vitamin 
A deficiency. 
Vitamin A deficiency in the form of Bitot's spot and corneal xerosis in 
particular, was found in 3.6 per cent and 1.3 per cent of the population in 
Mizoram as revealed by Das (1998) in India Nutritional Profile in North Eastern 
Region. 
In a comparative study on health status Sujatha (1997) revealed the 
overall prevalence of vitamin A deficiency to be 4.44 per cent. She found the 
over all prevalence in boys to be 3.28 per cent and in girls 1.16 per cent. On 
comparison of children in municipal, private and rural schools she observed the 
prevalence of vitamin A deficiency to be 2.49 per cent, 1.47 per cent and 4.26 per 
cent respectively. 
National Nutrition Monitoring Bureau (1991) in its report on diet and 
nutritional status of urban population, reports that coujunctival xerosis and Bitot's 
spots were not seen in infants. However, in children of preschool and school age 
the prevalence increased with age. It reported that the highest prevalence was 
seen in school age children from all income groups, and found the income trend 
was discernible in their prevalence, the highest prevalence being in slum children. 
(7.8 %) followed by industrial labor (6.8 %), lower income groups (4.1 %) and 
middle-income group (4.7 %) children. 
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2.9.3 Vitamin B Complex Deflci^ncies 
The common sign of vitamin B complex deficiency angular stomatitis, 
cheilosis, glossitis, and atrophic bilingual papillae were observe in different 
studies (Das 1998; Ingale 1985; Sujatha 1997; NNMB 1991). 
Riboflavin deficiency was revealed by cheilosis, followed by redness 
swallowing and ulceration in areas other than the comer of the lips. Loss of 
papillae on the tongue and a scarlet and raw appearance of the tongue are 
associated with a niacin deficiency as revealed by ICMR (1953), Swaminathan et 
al (1960) and Rao et al (1961). Mohaptra (1^9j) recorded the high prevalence of 
B complex deficiencies. The sign of vitamin B complex deficiency like angular 
stomatitis, cheilosis and glossitis were observed in IS^^^^er cent of children of 
age group 6 to 12 year of Nagpur by Ingale (1985). She also observed that B 
complex deficiency was higher in 7 to 8 year age group children. 
Das (1998) in a comparative study of North Eastern region reported that 
vitamin B complex deficiency in the form of angular stomatitis (1.1 per cent) and 
glossitis (2.1%) prevailed in a relatively high proportion in Mizoram as compared 
to other states of the region. 
Sujatha (1997) in a comparative study on health status of school children 
aged 5 to 13 year in Visakhapatnam revealed the prevalence of vitamin B 
complex deficiency to be 2.26 per cent, 4.74 per cent and 9.22 per cent in 
municipal, private and rural school respectively. She found the over all 
prevalence of vitamin B complex to be 8.94 per cent. The overall prevalence in 
boys was 4.76 percent and in girls 4.18 percent. 
In a study on nutritional status of urban children in the age group of 6 to 9 
years from low socio-economic status in Rajasthan, Mukta et al (1998) found the 
prevalence of anemia to be 32 per cent, protein energy malnutrition at 36 per 
cent, vitamin A deficiency at 5 per cent and iodine deficiency disorder at 16 per 
cent of the children. NNMB survey data (1996) showed high prevalence of 
Bitot's spots, angular stomotitis and dental fluorosis in Gujarat and Maharastra 
states. 
Das (1998) in state nutrition profile of Haryana reported corneal xerosis 
and Bitot's spots were prevalent among 0.03 and 0.05 percent school age children 
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(5 to 12 year) where as no sign of vitamin A deficiency was observed among the 
older children (12 to 18 year). Similarly B complex deficiency and glossitis were 
found between 0.36 and 0.09 percent and 0.27 per cent and 0.16 per cent in 
younger and older school age children respectively. Prevalence of Goitre and 
dental flourosis were comparatively higher 0.40, 0.32 per cent and 0.86 and 0.83 
per cent in younger and older school age children respectively. 
National Nutrition Monitoring Bureau (1991) noticed a definite age trends 
in the prevalence of oral lesions of angular stomatitis, red raw tongue, cheilosis 
etc, indicative of vitamin B complex deficiency, with highest prevalence being in 
school age group. Although no clear cut income trend in the prevalence, as seen 
in case of vitamin A deficiency were observed, maximum prevalence was seen in 
school children in slum 15.3 per cent with industrial labour, low income group 
and middle income group having 7.1 per cent, 7.9 per cent, 6.5 per cent 
respectively. In high-income group, the prevalence was about 1.2 per cent. It 
further revealed that about 13.2 per cent of adolescent and 5.4 per cent of adults 
from slums had these signs. The report observed that in general, school age group 
had higher prevalence of B complex deficiency signs as compared to adult 
counter parts. 
The report further states that in respect of vitamin deficiencies more 
school age boys seemed to suffer than girls. It observed the similar sex 
differences in other age groups also. 
2.9.4 Dental Caries 
The incidence of dental caries an indication of nutritional status is usually 
associated with osteoporosis and high phosphorous/calcium rates. Dental caries 
though cannot be considered strictly a nutritional deficiency sign, its relationship 
to the quality of habitually consumed diet of all the populations is well known. 
Nutrition Monitoring Bureau (198491) report that its prevalence was seen in all 
the age groups of all the socio-economic classes and tended to be directly related 
to socio-economic status of population i.e. prevalence were higher in 
economically better segments than the poorer groups It reports that the peak 
prevalence was observed in the school age groups. It also observed that in 
general, the male seem to suffer more than the females. 
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During childhood dietary factors may influence dental health through 
their effect on both tooth formation and the characters of the oral environment 
(Guthrie 1979). According to a study 79.62 per cent of children aged 5 to 15 years 
had caries in Bombay. Another study in 1981 reported that 97 per cent of people 
in Bombay in the age range of 15 to 56 had caries. 
In his study on oral health status of children Itoo (19M)-quoted that in 
Orissa, the prevalence of caries was higher among children of both sex of low 
socio-economic status than those of middle and, high economic groups with 
prevalence of 75.4, 58.8 and 58.9 per cent respectively. In Ludiana (Punjab) the 
prevalence of dental caries was 82 per cent in children aged 7 to 17 years. 
Prevalence was 61.96 percent at the age of 7 years and highest i.e. 89.11 per cent 
at 17 years of age. Another survey on dental disease of school going children in 
Calcuta reported that the prevalence of caries was more in children of low socio 
economic status (52.5%) as compared to those with high socio economic status 
(43 per cent). 
Agarwal (1999) in a study on health status of school girls aged 5 to 15 
years from affluent population of Mumbai, found that dental caries was common 
in younger girls. He observed dental fillings in 26.1 per cent of girls with caries 
mostly prevalent in secondary class girls. The overall prevalence of dental caries 
was found to be 46.8 percent, with the prevalence in primary section 61 per cent 
and in secondary section 29.6 per cent. 
In a comparative study Sujatha (1997) observed a reverse trend i.e. 
prevalence of dental caries being more in girls than boys. She reported that 
prevalence to be 17.56 per cent in boys and 22.18 per cent in case of girls. On 
comparison in municipal, private and rural schools she observes the prevalence of 
dental caries to 34.16 per cent, 15.33 per cent and 7.80 per cent respectively. 
2.10 Iodine Deficiency Disorders 
Iodine is an essential micrpnutrient. It is required for synthesis of thyroid 
hormones. Iodine is essential in minute amounts for normal growth, development 
and well being of all human beings. The term "endemic goitre", is now replaced 
by the term iodine deficiency disorders (IDD) to refer to all the effects of iodine 
deficiency on human growth and development which can be prevented by 
66 
correction of iodine deficiency (Park and Park, 1991). The disorders include 
lowering of intelligence quotient and impaired learning, energy loss and reduced 
milk, egg, meat and wool yields in animals, reproduction failure in animals. 
Iodine deficiency disorder is a condition in which an organism does not take in 
enough iodine, an element that directly affect thyroid gland secretion. The gland 
is unable to secrete sufficient amount of thyroid hormone and in an effort to 
produce an adequate amount of hormone, the thyroid gland grows larger 
(Encyclopedia Britannica, 2000). Anatomical enlargement of the thyroid gland 
without any flmctional alteration is called euthyroid or simple goitre. By 
convention it is regarded as a compensatory phenomenon of factors interfering 
with the optimal formation of the hormones of the thyroid gland (ICMR 1989). 
According to Guthrie (1979) simple goitre enlargement of the thyroid gland 
resulting in a prominent swelling at the front of the neck is the most common 
form of iodine deficiency disorder and the first clinical observation to be 
correlated with nutritional factors. A normal human thyroid gland weight 20 to 30 
gms (about 0.75 ounce), and a goitrous gland as much as 1 kg (more than 2 
pounds). A very large or extensive goitre may produce sensation of choking and 
can cause difficulty in breathing and swallowing. In simple goitre, when the 
supply of iodine is moderately deficient, in order to secrete sufficient amount of 
that hormones, the gland works harder to synthesizes hormone in normal 
quantities but the affected individual may continue in general good health despite 
the possible presence of goitre. 'In cases of severe and prolonged deficiency, 
however, there may be a deficit of thyroid hormones, resulting in myxedema, a 
condition characterized by dry skin, loss of hair, puffy face, flabbiness and 
weakness of muscles, weight increase diminished vigor, and mental sluggishness. 
Goitre is five times more common in women than among men. 
The average daily requirement of iodine for 1 to 6 years is 90 jig, 7 to 12 
years 120 |ig and for an adult is 150 |ig. However this little quantity of iodine is 
required by the thyroid gland everyday for the adequate production of thyroxin. 
The best sources of iodine are seafoods (e.g. sea fish, sea salt) and cod liver oil. 
The daily requirement of iodine is fulfilled mainly by food (90%) and from 
natural water. Unlike nutrient such as iron, calciuni or the vitamins, iodine does 
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not occur naturally in specific foods. The iodine content of the soil determines its 
presence in both water and locally grown foods. 
2.10.1 Occurrence and Treatment 
It occurs most frequently in inland or mountainous regions where the 
iodine content of the drinking water and the food is exceedingly low. It is 
prevented by the use of iodized salt in one's diet. In the early stages of endemic 
goitre regression of the gland may be complete if iodine is ingested in adequate 
amounts. The most effective treatment in more advanced cases is the 
administration of thyroid hormone. Surgical removal of the thyroid gland may be 
necessary if the gland has grown so large that it is obstructing breathing. 
2.10.2 Stages of Disorders 
Hetzel (1987) marshals evidence to show how, at each stage of the human 
life cycle iodine deficiency has serious effects other than thyroid enlargement. 
The details are given in the following table alongwith further explanation of 
disorders and levels of severity as stipulated by Park and Park (1991). 
The Spectrum of Iodine Deficiency Disorders 
Stage of Development 
Fetus 
Neonate 
Child and adolescent 
Adult 
All ages 
Disorder 
Abortions, still births, congenital anomalies, 
increased prenatal mortality, neurological cretinism 
(mental deficiency, deaf mutism,, squint) 
myxoedematous cretinism (dwarfism, mental 
deficiency) psychomotor defects 
Neonatal goitre, neonatal hypothyroidism 
Goitre 
Junvenile hypothyroidism impaired mental function 
Retarded physical development 
Goitre with its complications, hypothyroidism 
Increased susceptibility to nuclear radiation. 
(Hetzel etal, 1987) 
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The Spectrum of Iodine Deficiency Disorders in 
Approximate Order of Increasing Severity 
Disorders 
Goitre 
Hypothyroidism 
Subnormal intelligence 
Delayed motor milestones 
Mental deficiency 
Hearing defects 
Speech defects 
Strabismus (squint) 
Nystagmus 
Spasticity (extrapyramidal) 
Neuromuscular weakness 
Endemic cretinism 
Intrauterine death 
(Spontaneous abortion, miscarriage) 
Level of severity 
Grade I 
Grade II 
Grade III 
Multinodular 
Varying combinations of clinical 
(depending on ageof onset, 
duration and severity) 
Variable severity 
Unilateral 
Bilateral 
Muscle weakness in legs, arms, trunk. 
Spastic diplegia 
Spastic quadriplegia 
Hypothyroid cretinism 
Neurological cretinism 
(Park & Park, 1991) 
2.10.3 Goitrogens 
"Goitrogens" are the chemical substances leading to the development of 
goitre. They interfere with iodine utilization by the thyroid gland. They may occur 
in food and water. The brassic group of vegetables (e.g. cabbage and cauliflower) 
may contain goitrogens. (Park and park, 1991).Goitrogenic potency of some of 
the common vegetables namely cabbage, turnip, lady's fmger, sweet potato, 
cassava has been studied in experimental rats (Sarkar et al, 1987).Excessive 
intake of goitrogens (e.g. through eating cassava) interferes with the normal 
intake and metabolism of iodine and may amplify the effect of iodine deficiency 
(WHO, 1997). Experimental goitres were produced by Chesney in rabbits by 
feeding them with cabbage and by purves in rats by feeding them with brassica 
seeds (Satoskar and Bhandarkar, 1987). However their effects on human beings 
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are yet to be studied. In the presence of environmental iodine deficiency, these 
may possibly play a contributory role in the causation of endemic goitre. The 
importance of dietary and environmental factors which are potentially goitrogenic 
is best understood if endemic goitre is present even after the eradication of iodine 
deficiency. 
2.10.4 Iodine and Intelligence Quotient 
Thyroxin plays a very important role in the development of the fetal brain 
and body. The optimum development of the human brain from the early 
embryonic stage to the adult stage is critically dependent on thyroxin. Since 90 
percent of the human brain growth and development is completed by the second 
birthday, thyroxin deficiency during the earlier stage of life leads to permanent 
and irreversible brain damage. Thus thyroxin is necessary not only for the upkeep 
of the body's energy and activity but also more importantly for the optimum 
development of the human brain. Absence of the hormones of thyroid gland 
affects the development of brain in the fetus, neonates, infant and child. 
Depending on the degree of the iodine deficiency, the brain does not develop and 
the child is mentally retarded. Lack of iodine interferes with the brain 
development of the fetus and results in the birth of iodine deficient babies who 
may be cretins (Salt Department, 1994). 
Recent studies on school' children living in iodine deficient areas in a 
number of countries indicate impaired school performance and intelligence 
quotient as compared with matched groups from non-iodine deficient areas. 
Studies have indicated that iodine deficiency can impair school performance even 
when the effect of other factors, such as social deprivation and other nutritional 
factors, has been taken into account (WHO, 1996). 
A less obvious but more serious condition affecting millions of iodine 
deficient children includes impaired mental function, poor intellectual 
performance, lower I.Q., muscular disorders and impaired co-ordination and 
sluggishness. 
Current research showed that iodine deficiency results in lowering the 
average intelligence of the entire school age population by as much as 10 to 15 
I.Q. points. The number of primary school age children in endemic areas is 
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estimated to be 40 million. The total I.Q. points lost in these children amount to 
400 million. (Sah Department, 1994). 
Iodine deficiency in fact interferes in the educability of successive 
generation. The results of the intelligence quotient (I.Q.) evaluation in primary 
school children in an area with 80 per cent goitre prevalence and 13 per cent 
incidence of neonatal hypothyroidism which is diagnosed by the sophisticated 
investigation, showed a clear shift to lower I.Q. These finding indicate mental 
sub-normality in more than half of the school children in the study population 
(Kochipillai et al, 1982). Thus, even as iodine deficiency perpetuates social and 
economic deprivation, it also lays waste the already scarce national resources 
invested in primary education (GOI; UNICEF, 1995). Therefore, it is well 
understood that preventing iodine deficiency raises the learning capacity of school 
children and improves school performance. 
* 
2.10.5 Iodine Deficiency in the World 
In the sixties there were 200 million goitrous persons world wide (Kelly 
and Snedden, 1960). Twenty years later figure for the less developed region of 
the world was 329 million and this was probably an underestimate (Matovinovic, 
1983). 
In 1994, Salt Department in India revealed that 1005 million people of the 
world are at risk of iodine deficiency disorders, some 225 million people are 
having goitre, 6 million are cretins and 20 million are suffering from mild 
neurological disorders. 
According to a report of the World Health Assembly (1994), about 1600 
million people are at risk of IDD because they live in iodine deficient 
environment. Of these, 656 million have goitre and 43 million have some degree 
of mental defects including 11.2 million overt cretins. Giving region-wise 
distribution, it states that the number of people at risk of iodine deficiency are 181 
million in Africa, 167 million in America, 486 million in South-East Asia, 141 
million in Europe, 173 million n Eastern Mediterranean region and 423 million 
people in Western Pacific region and the number of people, having goitre are 89 
million in Africa, 63 million in America, 175 million in Eastern Mediterranean 
and 139 million in western pacific region (WHO, 1994). 
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Kibambe et al (2001) in an evaluatory study of iodine deficiency disorder 
at West Africa in 4,039 school children aged 6 to 14 years assessed the prevalence 
of goitre to be 22.4 per cent in Burkina Faso, 13.2 per cent in Mali and only 4.2 
per cent and 1.2 per cent respectively in Toga and Benin. 
In an another evaluatory study in school children aged 6 to 14 yeas of 
Kiga, Tehran found that grade II goitre was 42 and 9 per cent in male and 49 and 
18 per cent in females in 1989 and 1999 respectively and tested the relationship to 
be significantly associated P< 0.001. But at the same time they revealed that grade 
I goitre increased from 7 to 51.5 per cent in male and 4.4 to 48.6 per cent in 
female. The study observed that intelligence quotient before and after ten years of 
iodine supplementation was 89 ± 11 and 94 ±10; the association between them 
wasP<0.01. 
In a cross section descriptive study among school children aged 8 to 12 
years in Chiangmai Province of Thailand, Singh et al (2001) found the total goitre 
rate was 10.7 percent. They found the prevalence rate of goitre was almost equal 
among male and female 11.2 per cent and 10.2 per cent respectively. 
2.10.6 Iodine Deficiency in India 
In India there is increasing evidence of wide spread distribution of iodine 
deficiency not just restricted to the Himalayan mountainous areas. The prevalence 
was also reported fi^ om the sub Himalayan mountainous areas, sub Himalayan flat 
lands (Terai region), plains (especially those subjected to annual flooding) river 
line areas, deltas and even costal region (Clugston et al, 1987). It was observed 
that the world's most intense goitre belt is in India stretching 2400 kms. from 
Kashmir in the North West to Naga Hills in the East. About 150 million people 
are living in this belt and around 55 million people suffers from endemic goitre. 
No state in India was free from the ill effects of IDD and surveys whenever taken, 
were continuously identifying new pockets of iodine deficiency. According to salt 
Department statistics (1994) it was estimated that in India, 167 million people 
were at risk of IDD, 54 million were suffering from goitre, 6.6 million were 
having mild neurological disorders. 
According to a publication of WHO (1997) out of 457 districts in the 
country 275 districts have been surveyed for IDD and 235 districts have been 
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found to be endemic. These districts cover all the states and union territories of 
India. 
Kapil (1998) reported that research surveys were conducted to evaluate the 
status of iodine deficiency in selected identified districts of 10 states and 2 union 
territories of the country. The goitre prevalence in primary school children aged 6 
to 12 years was documented to be as high as 20.5 per cent in district Bikaner, 
Rajasthan, to as low as 0.8 per cent in district Pour, Uttar Pradesh. 
Sachdev (1997) reported that in Delhi, the goitre prevalence rate in school 
children declined from 55.2 in 1980 to 8.6 percent in 1996, the salt iodisation 
programme was implemented in. 1989. The routine surveys conducted by the 
Directorate General of Health Service indicate a significant decline in total goitre 
prevalence rate in 17 out of 21 districts from different states in which repeat 
information was available. The magnitude of decline ranged from 6 to 35 per cent 
(general values above 30 per cent in the Himalayan region and Utter Pradesh) for 
repeat surveys performed six to forty years later. 
In an intervention study among 1243 adolescent school girls in rural, 
urban and resettlement Delhi, Narula (1999) revealed the overall prevalence of 
goitre was 60.66 per cent. The study explored that the number of girls having 
grade II goitre were maximum in resettlement colonies 8.6 per cent followed by 
urban 4.66 per cent and rural area 4.33 per cent. 
* 
In another survey in the National Capital Territory of Delhi shows 
prevalence of goitre to be 8.6 per cent in 6911 school children in the age group of 
8 to 10 years. This signifies that IDD is a public health problem in NCT of Delhi 
(Kapil et al, 1995) among them 91.4 per cent were in O grade, 8.5 per cent in 
grade I and 0.1 per cent in grade II, on the basis of gender they found the 
prevalence was 92 per cent, 7.9 per cent 0.1 per cent and 90.87 per cent, 9.10 per 
cent and 0.03 per cent in boys and girls respectively. 
A study conducted in four villages of rural South Delhi among 1075 
school children reported goitre prevalence of 16 per cent (Chaturvedi et al, 1996). 
In a cross sectional study in nine hundred and forty school children in the age 
group of 8-10 years of an urban* slum in East Delhi, Bhasin (2001) found the 
prevalence of goitre to be 6.5 per cent. The predominant goitre 6.2 per cent was 
present in grade I catgegory. 
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Zargar et al (1995) present findings from Kashmir in a study on 
prevalence in goitre of 10,196 school children in the age group of 5-15 years, 
(5676 boys and 4520 girls). H6 summarizes that 4609 (45.2%) had thyroid 
enlargement and found that the prevalence was 16.1% in OB grade 21.7 per cent n 
grade I and 4.4 per cent in grade II. Only 2 children had grade III goitre and none 
had grade IV. They also observed that the over all goitre prevalence increased 
with age, from 30 per cent in the age group 5 to 12 years to 51 per cent in those 
more than 12 years old. 
In a survey carried out on 5449 school girls aged 10 to 16 year in Mewat 
area of Haryana for prevalence of goitre, Gaur et al (1989) found the over all 
prevalence of nearly 29.5 per cent. They also revealed prevalence of 20.3 per cent 
in grade OB, 11.2 per cent in I grade and 1.5 per cent in grade II and non in grade 
III and grade IV in urban area and 18.3 per cent in OB grade, 7.5 per cent in grade 
I, and 0.4 per cent in grade II and none in grade III and grade IV in rural area. The 
prevalence data in urban and rural girls were 33 per cent and 26.2 per cent 
respectively. 
Kapil et al (1998) studied 2065 school children in the age group of 6 to 12 
year to examine the prevalence of iodine deficiency disorder in Pondicherry. The 
study assessed goitre prevalence to be 2.6 per cent. Fifty four children had grade I 
goitre, none had grade II enlargement. The prevalence was highest among 
children of 10 year old age group. 
In Bikaner, Rajasthan a total of 527 children from three high schools in a 
rural block in the age group of 6 to 12 years showed goitre prevalence to be 20.5 
per cent (Bhardwaj et al 1997). 
Sohal et al (1998) conducted a study in the district Hamirpur of Himachal 
Pradesh. A total 6897 school children (3411 boys and 3486 girls) in the age group 
of 8 to 10 year were examined. The goitre prevalence rate was found to be 8.8 per 
cent. They found the prevalence in boys to be 9.1 per cent in grade I goitre and 
0.4 per cent in grade II goitre. The prevalence in girls was 7.9 per cent in grade I 
goitre and 0.3 per cent in grade II goitre. No significant difference was found in 
goitre prevalence amongst the boys and girls. They concluded that Hamirpur 
district appears to be in a transition phase from iodine deficient to iodine 
sufficient as a survey conducted in 1956 reported a goitre prevalence of 41.2 per 
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cent in the district. The study recommend that in district Hamirpur, Himachal 
Pradesh, mild iodine deficiency existed and to achieve elimination of IDD from 
the district there was a need of further strengthening the existing monitoring 
systeni for the quahty of iodised sah in the district. 
Jayashree et al (2001) in a study on iodine status of families from endemic 
and non-endemic areas of goitre in Karnataka found 5.14 per cent prevalence in 
endemic and 0.39 per cent in non endemic area. Maximum prevalence of grade I 
2.21 per cent and 0.74 per cent in grade II was observed in forty plus age. They 
detected the goitre only in females. The study also reveals that anthropometric 
measurements viz. height, weight, mid arm circumferences and skin fold 
thickness of goitrous subjects were lower compared to normal subjects. 
In an intervention study to assess iodine status in 770 school children of 
10 to 12 year old by Mittal et al (1998) revealed that goitre prevalence was 34.5 
per cent in the studied population. Significant difference was foimd in the socio-
economic status and housing and sanitary conditions of families of deficient and 
normal children. Dietary intake pattern revealed that the diet of children was low 
in calories, iodine and carotene. • 
Brahmbhatt et al (2001) in a study in rural and tribal school children from 
Gujarat on assessment of iodine deficiency disorder reported goitre prevalence 
rate (GPR) in 5 to 15 year school children as high as 30 per cent using palpation 
and almost 100 per cent of children had enlarged thyroid volume for body surface 
area (> 97the percentile of adopted WHO international reference values) using 
ultra sonography. 
To assess the extent of iodine deficiency disorder a survey was conducted 
in randomly selected sub-centers of 5000 population of PHC in Gonda. The 
prevalence of goitre was found to be above 50 per cent and that of cretinism to be 
2 per cent (Lai et al 1991). A cross sectional prevalence based on study in rural 
Mehsana Gujarat, revealed the goitre prevalence was 3.5 per cent and 7.3 per cent 
in community and school surveys respectively. 
2.10.7 Socio-Economic and Cultural Factors 
Socio-economic and cultural factors have direct effect on the problem of 
IDD. In many countries the improvement in the socio-economic status led to 
decrease in the problem of IDD. 
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The change in the problem was due to an increase in the dietary iodine 
intake through improved social and economic conditions. This also explains why, 
in an endemic goitre areas and without any systemic prophylaxis, goitre is often 
less prevalent in towns than in rural districts. Town dwellers have a certain 
numbers of manufactured foods where as the country people depend entirely on 
local produce (Becker, 1985). 
The Tarai districts of Utter Pradesh and Bihar have goitre prevalence 
ranging from 22 per cent to 90 percent. A study, conducted in Shahdol district of 
Madhya Pradesh, revealed that goitre was found in socio-economically poor 
people. Endemic goitre (20.68%) was found to prevalent mainly in social class V 
(Dwivedi, 1978). 
The correction of iodine deficiency also leads to improvement in the 
socio-economic status. There was a very great social impact as indicated by the 
observations made in the Chinese village of Jixian in Heilongiang province. In 
1978, there were 1313 people in Jixian with a goitre rate of 65 per cent and 11.4 
per cent of them were cretins. The village was known as the "Village of idiots". 
The economic development of the village was retarded e.g. no truck driver or 
teacher was available. Girls from other villages did not want to marry and live in 
this village. The intelligence of the student population was known to be low. 
Children aged ten had a mental development equivalent to those aged seven 
elsewhere. Iodized salt was introduced here in 1978, after which the goitre ratip 
was dropped to 4 percent. No cretins have been born since 1978. the attitude of 
the people has changed greatly. The average income has increased. Gross 
agricultural produce of the village rose. Before iodization, no family had a radio, 
now 55 families have TV sets, 44 girls have come from other villages to marry 
boys in Jixian. Seven men have joined the people's Liberation Army where as 
earlier they have been rejected because of goitre (Pandav et al, 1988). 
By and large, people do not perceive small and moderate goitre as health 
problem. Large goitres are seen as disfigurement. Since large goitres are painless 
even these are not really considered as a health matter. In some communities in 
* 
U.P. and Bihar, goitre in young girls is seen as a sign for her to get married. Some 
communities in Himachal Pradesh, Jammu and Kashmir and Uttar Pradesh have 
designed ornaments to cover the enlarged thyroid. Many women associate goitre 
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with pregnancy and childbirth. When questioned in depth, a surprising number 
ascribed the presence of goitre to the woman having screamed too much during 
childbirth or having been too vociferous during pregnancy. The drinking of water 
with the head thrown back especially during pregnancy is also mentioned as cause 
of goitre by several women. 
In Baquio city of Philippines, a study was conducted regarding community 
perception of IDD. The respondents said that disorder was not contagious and 
thus, for instance a mother with goitre could still breast feed her baby. Those 
afflicted were not segregated or ridicules. However, the younger respondents aged 
15 to 28 years, felt embarrassed by their condition, particularly if it was grade 2 
and 3, when they attended social gatherings. One 28 year old female factory 
worker claimed she had to wear clothes with turtle necks to hide her goitre. (IDD 
News Letter, 1995). 
Socio-economic status of the people is also related with the general 
awareness regarding IDD. Improvement in the socio-economic status will lead to 
greater awareness regarding the problem. 
A study was conducted in a group of 300 pregnant women coming from 
lower socio-economic strata, residing in urban slums of Bombay. The study 
revealed that none of the women surveyed was aware of any aspect related to 
symptoms, cause, effects of iodine deficiency or of iodized salt and its 
significance. Similar observations were made in another non-working women of 
different socio-economic strata with awareness negligible in women of lower 
socio-economic strata but increasing with improvement in socio-economic status 
probably attributable to better exposure from media and to expected improved 
levels of literacy. 
The source of information was TV (20.6 per cent in high income group 
and 2 per cent in low income group), radio (6.6 per cent in high income group and 
zero per cent in low income group) paper and magazine (10 per cent in high 
income group and zero per cent in low income group) and hospitals (2.5 per cent 
in low income group and 1.25 per cent in high income group). Only 8.5 per cent 
school children in Bombay were aware of the iodized salt and in those who were 
aware of it, the source of information was media (7.4%) and relatives (0.1%). 
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Only 0.85 per cent were aware of the factv.y^ hx one should,,GDhsume iodized salt 
(Dodd and Madan, 1993). 
In the study of Baguio city of Philippines, it was found that only 30 per 
cent of the people recognized that goitre resulted from iodine deficiency, 31 per 
cent thought it came from drinking water, 10 per cent found that it was due to 
* 
drinking ice cold and hot water alternatively, 7 per cent thought it came from 
eaten foods, 3 per cent found it a natural occurrence. The source of information in 
rural areas was midwives or older residents. 
2.10.8 Epidemiological Survey Techniques 
Epidemiological surveys are conducted in order to achieve various aims. 
In some cases the purpose is to estimate the magnitude of the problem; others are 
more specifically designed to correlate regional variations and some 
epidemiological surveys are conducted longitudinally in order to evaluate the 
efficacy of iodine prophylaxis programmes. 
Two principal techniques are used for surveys: 
1. Studying a selected population such as school children or army recruits: 
2. Studying entire population of villages, districts or other administrative 
units. 
Advantages of surveys of school children are that they: 
i. Require little preparation 
ii. Provide high participation rates, 
iii. Permit a good estimate of the prevalence of the disease in a 
fairly extensive region from which the people are drawn. 
Their main drawback is that they cover a selected population from which the main 
attendant disabilities of endemic goitre i.e., cretinism, deaf-mutism, and other 
neurological defects are absent. A WHO study group in 1952 had recommended 
that school goitre survey results can be projected directly to the general 
population of the localities to which the surveyed schools belong (ICMR, 1952). 
Therefore surveys might begin in schools and continue with complete 
population whenever more than 5 per cent have grade I or when more than 30 per 
cent of the school children are assigned to grade OB or above (ICMR, 1989). 
The Pan American Health Organization (PAHO) has made the interesting 
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suggestion that survey might begin in schools and continue with complete 
populations whenever, school prevalence exceeds 10 per cent (Thilly et al, 1997). 
2.10.9 Techniques of Goitre Examination 
The aim of thyroid examination is to estimate the scale of public health 
problem posed by the disease on the basis of an evaluation of goitre frequency in 
a well-defmed group. Examination must be rapid and include standardized 
methods of inspection and palpation. Examination on volume is too subjective 
and too time consuming. The only practical approach is to group the different 
degrees of hypertrophy into small numbers of categories based on arbitrary 
classification. The following circumstances of the examination are suggested. The 
subject start walking towards the examiner from a line marked at a distance of 
approximately 2 meters. This enables the examiner to have a look at his gait, body 
proportion and the enlarged gland, if any i.e. (Grade III & IV). 
The subject stops walking and faces the examiner at a close distance with 
the front of subject's neck well exposed to light. The presence of visible goitre is 
detected straight away with the neck in normal position (Grade II). If the goitre is 
not detected by this method the subject is then requested to extend his neck and 
asked to swallow which helps to note the visible enlargement of the thyroid 
(Grade I). The thyroid gland is then palpated by the examiner with the subject 
turning his back to the examiner; either in a standing or a sitting position. The 
palpation confirms and supplements the result of inspection. The consistency and 
nodularity of the gland are assessed by the four fingers of the examiner with hand 
along the trachea. (ICMR, 1989). 
Very young children are examined in supine position. The examiner raises 
the child slightly by placing his left hand under the shoulder blades, with the 
child's head resting on the examining table. The examiner then palpates the 
thyroid areas with his right forefinger (ICMR, 1989). 
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2.10.10 Biochemical Examination 
The excretion of iodine in urine, iodine content of drinking water and salt 
are the main biochemical parameters mostly used in detecting the iodine status in 
area specific studies. 
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It has been recommended that from a maximum of 10 per cent of the 
school children being surveyed urine sample should be collected. 
(WHO/UNICEF/ICCIDD, 1994). 
Urine iodine determination is the key biochemical indicator of iodine 
deficiency because thyroid size by palpation is difficult when size is not large. 
Most of the body's iodine is excreted in the urine usually over 90 percent. Thus, 
the iodine level in urine reflects the subjects intake. Iodine in urine is stable and 
can withstand collection and transport even under field conditions. 
, The ICCIDD/WHO/UNICEF consultation on indicators Geneva (1994) 
has recommended staging the severity of IDD endemics on the basis of urinary 
iodine, as follows: 
Stage 
0 (no iodine deficiency) 
1 (mild) 
2 (moderate) 
3 (severe) 
Median urinary iodine 
excretion (|a,g / dl) 
>10 
5-9.9 
2-4.9 
<2 
Need for correction of 
iodine deficiency 
Important 
Urgent 
Critical 
2.10.11 Urinary Iodine 
Iodine in urine generally occurs as the iodide ion. While iodine may be 
ingested in food or water in variety of chemical forms, most of it is broken down 
to iodine in the gut and absorbed into blood stream in that form. Virtually all of 
the iodine in blood is either taken by the thyroid and converted into thyroid 
hormones or excreted in the urine. The iodine trapped by the thyroid which may 
approach 100 per cent of ingested iodine in areas of iodine deficiency, is 
converted into the thyroid hormones. Iodine may escape the body in faces and in 
breast milk. However, over 90 per cent usually comes out in the urine. 
Most of the methods depend on the role of iodine as a catalyst in the 
reduction of eerie ion (Ce '^ ) to the cerous ion (Ce^^) coupled to the oxidation of 
arsenite. This reaction is called the Sandell Kolthoff reaction. The eerie ion (Ce'^ )^ 
has a yellow colour while the cerpus ion (Ce^ "^ ) is colourless. Thus, the course of 
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the reaction can be followed by the disappearance of yellow colour as the eerie 
ion is reduced. The speed of this colour disappearance is directly proportional to 
the amount of iodide catalyzing it. Because of its specificity and high sensitivity 
this reaction has been the basis for almost all chemical methods for the detection 
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of iodine in urine (Dunn, 1993). 
The median urinary iodine was 3.2 |ig/dl in a survey in Guatemala, 6.9 
l^ g/dl in preschool children in Byelarus, 6.2 to 7.3 |J.g/dl in Moscow (IDD News 
Letter, 1993).Median urinary iodine was 4.8 |ag/dl in children from Serbrenica 
(Tahirovic et al, 1995). 
In an evaluative study of iodine deficiency disorder at West Africa by 
ICCIDD, Kibambe (2001) in 4039 school children aged 6 to 14 year revealed 
median urinary iodine concentration varied from 114 to 289 |ig/dl in the four 
counters studied. Only 24.4 per cent of the values were in the normal range of 
100-200 |J.g/dl 32 per cent were below the lower limits of normal of 100 |J.g/dl and 
44 per cent were above 200 )J.g/dl indicating iodine excess. 
The median urinary iodine excretion was found to be 3.00 |ag/dl and 200 
hg/dl before and after the years in another evoluatory study in school children 
aged 6 to 14 year of Kiga, Tehran (Elmadfa, 2001). 
In an extensive research project in national capital territory of Delhi, Kapil 
et al (1995) among 6911 school children of age 8 to 10, found that the median 
urinary iodine level was <2 |ag/dl in 2.1 per cent, 2-4 |ig/dl in 8.4 per cent, 5-9 
|ag/dl in 17.6 per cent cases. 71.9 per cent children had normal iodine excretion of 
10 Hg/dl. 
Bhasin (2001) in a study on nine hundred and forty school children in the 
age group of 8-10 year in urban sltim in East Delhi, found the mean urinary iodine 
levels to be 9.4 i^ g/dl with a standard deviation of 5.4 only 40.1 per cent children 
had normal urine iodine excretion levels of more than 10 )j.g/dl mild and moderate 
degrees of iodine deficiency revealed by low UIEL levels was present in 41.7 per 
cent and 18.2 per cent school children. No child had severe degree of iodine 
deficiency. 
In a cross sectional study of prevalence of goitre in Kashmir valley urine 
sample was collected from a sub-sample of 202 children in the age group 5 to 15 
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years irrespective of sex or thyroid size by Zargar et al (1995). The result of mean 
urinary iodine excretion showed that Kashmir valley has moderate iodine 
deficiency and needs prompt measures to correct this major public health 
problem. 
Kapil et al (1998) presents findings from a survey of 10 states and 2 union 
territories in children in the age group 6 to 12 years and states that when the 
median urinary iodine excretion of > 10 |j,g/dl was used as a criterion for 
assessing iodine deficiency a no state included in the study was deficient. 
In an another study Kapil et al (1998) collected casual urine sample from a 
sub-sample of 187 children of 6 to 11 year age in Pondecherry found the 
proportion of children with < 2 |-ig/dl, 2-4.9 ng/dl, 5-9.9 |ig/dl and 10 and above 
l^ g/dl of urinary iodine excretion (UIEL) levels were 1.6, 3.2, 24.1 and 71.1 per 
cent respectively. 
In Dharwad, Kamataka, Jayshree et al (2001) found the median urinary 
excretion of normal subjects was 25 |J.g/dl. The subjects clinically diagnosed for 
goitre were only suffering from mild iodine deficiency median UIEL being 5.0 -
0.9 \ig/dl. Mittal et al (1998) in 770 children in the age group of 10 to 12 years in 
Pantnagar revealed that the resuh* of urinary iodine excretion found 41.8 per cent 
children suffered from iodine deficiency. 
In a study on assessment of iodine deficiency disorder in Hamirpur 
Himachal Pradesh in 8 to 10 years of children, Sohal et al (1998) found that 7.0 (n 
= 99), 8.8 per cent (n = 125) and 170 per cent (n=240) of the children of <2, 2-4 
and 4-9.9 |^g/dl, respectively. Nine hundred and forty nine children had UIEL of 
10 |J.g/dl and above. The median urinary iodine excretion of the children studied 
was found to be 14 .0 j^g/dl. 
In a comparative study in Baroda and Dang districts of Gujarat, 
Brahmbhatt, (2001) based on urinary iodine values recommended by found that in 
Baroda greater than 78 per cent,of girls and 63 per cent of boys were iodine 
deficient (UKIOO |ig/L) while 43 per cent of girls and 27 per cent of boys had 
moderate iodine deficiency (UK50 )ag/L). In Dang district 74 per cent of girls and 
71 per cent of boys were iodine deficient and 38 per cent of girls and 40 per cent 
of boys had UK50 [ig/L (moderate iodine deficiency). 
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In a study conducted in Delhi, the median urinary iodine level was <2 
l^ g/dl in 2.1 per cent cases, 2 to 4 |ag/dl in 8.4 per cent cases and 5 to 9 |j,g/dl in 
17.6 per cent cases. 71.9 per cent cases had normal iodine excretion of 10 |J.g/dl 
and above (Kapil et al, 1996). 
2.10.12 Iodine Content of Water 
It is desirable that water samples from all principal sources in each survey 
area should be collected and examined for iodine content. 
Lei et al (2001) investigated whether a relationship exist between different 
iodine level areas and prevalence of goitre. They found that the mean value of 
iodine content in drinking water from selected districts were 2.00 |j,g /L, 8.95 |j,g 
/L and 242.15 i^ g /L respectively. They explored that those living in high iodine 
level area; the urinary excretion level of target population was significantly higher 
than others (P<0.005). 
Brahmbhatt et al (2001) while assessing iodine deficiency disorder in 
Baroda and Dang cities of Gujarat state also revealed that drinking water in Dang 
was lacking in iodine content where as it was adequate in Baroda district. They 
claimed this difference was reflected in lower median urinary iodine levels in 
Dang district. 
But contrary to this in a survey carried out in Mewat area of Haryana, 
Gaur et at (1989) found no definite correlation between iodine content of water 
and prevalence of goitre. They reported that in the block Tarou and Punehne the 
goitre prevalence was 8.3 and 6.2 per cent where as iodine content of water was 
found to be same as 14.3 |ag/L. The difference being 1.9 per cent in prevalence of 
goitre in another area Nah, where the iodine content of water was 14.5 [ig/L. The 
prevalence was greater in 13.1 per cent as compared to Hathin where the iodine 
content of water was lower 14.0 |ig/L. the prevalence of goitre was only 6.9 per 
cent. These clearly demonstrate that there was no definite correlation between 
iodine content of water and prevalence of goitre. However Kochipillai et al 
(1982) reported the iodine content of water in the goitre endemic area varied from 
9 to 14 micrograms per litter in rural areas and 12 to 14 microgram per liter in 
urban sample. They concluded that high prevalence rate of goitre i.e. 29.5 per 
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cent in Mewat may the associated with impurities like nitrites, nitrates, chlorides, 
and calcium present in water appears to exercise an indirect action on iodine 
deficiency by increasing the iodine requirement. 
A task force study by ICMR (1989) also reported that there was clear 
evidence of high correlation of goitre prevalence with low iodine content in water 
in some areas. Low iodine content was found in 9.7 per cent in Vishakapatnam, 
36.2 per cent in Sitamari, 24.2 per cent in Surat, and 28.1 per cent in Phule and 
10.2 per centin Nilgiri. In Shahdol (Madya Pradesh), iodine content of water was 
very low (2.1-4.2 |^ g/L) as compare to content from Rewa town being 19.4 |ag/L 
where endemic goitre was not reported. 
2.10.13 Iodine Content of Salt 
The salt samples from the study population should be collected and 
examined for the iodine content of salt. The iodine,content should be noted under 
three categories 
1. Salt with nil iodine. 
2. Salt with < 15 ppm iodine 
3. Sah with > 15 ppm iodine 
For precise evaluation of salt iodometric titration method is recommended. 
No legal action can be taken on the basis of reports from Spot Testing Kit (STK) 
method. (GOI;UNICEF, 1995). Since facilities for iodometric titration are 
available only at very few specialized laboratories and it requires trained 
personnel, and in view of high sensitivity of 85 per cent and the specificity of 71 
percent, the SKT may be widely recommended for quick estimation of iodine 
content of sah. (Kapil, 1996) 
As per the survey conducted by Benoist (2001) estimated that 68 per cent 
of the population of 130 affected countries, about 30 countries have no 
programme. Salt quality control and monitoring of population iodine status is still 
weak in many countries, exposing the population to an excessive iodine intake 
and subsequently to the risk of iodine induced hypothyroidism. 
Singh et at (2001) in Chiangmai, Thailand in a study on iodine deficiency 
disorders where the total goitre rate was 10.7 per cent found that most of the salt 
used. (85.2%) was not iodized and the level of iodine content in the salt used by 
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the community was very low (<15 ppm). The large number of salt type being 
used in the community was crystalline, while very low percentage of families 
consumed powdered salt. At traders level, the majority of salt being sold was not 
iodized. In an evaluatory study where the prevalence of goitre was 22.4 per cent, 
13.2 per cent, 4.3 per cent and 1.2 per cent in four countries of Africa, Kibambe 
(2001) found these values to be much lower than before the introduction of salt 
iodization. The access to iodized 'salt varied from 84 per cent to 98 per cent in the 
four countries, indicating excellent progress in the accessibility to iodized salt in 
these formerly severely iodine deficient countries. However they found the levels 
of salt iodization varied markedly from less than 15 ppm (in sufficient) to more 
than 100 ppm (excessive). 
In an assessment survey on status of salt iodization and urinary iodine 
excretion level in 282 districts of India, Kapil at al. (1998) found that more than 
90 per cent of the salt samples were iodized with the exception of Goa and 
Rasasthan. The salt samples that had nil iodine content in the stateAJTS studied 
ranged from 0 to 6 per cent with the exception of Rajasthan (31.9 %) and Goa 
(48.9 %). The majority of the states had more than 80 per cent of the salt samples 
having an iodine content of 15 ppm and more. In yet similar study in the national 
capital territory of Delhi the some study group found 42 per cent consumed salt 
with iodine content of less than 15 ppm. These findings were similar to their 
earlier studies, which reported that 17 per cent urban, 43 per cent rural and 65 per 
cent of urban slum families were consuming salt with an iodine content of less 
than 15 ppm. Salt with nil iodine content was consumed by only 1.4 per cent of 
the subjects. They foimd that salt samples (90%) as compared to the powdered 
salt samples (43%) had an iodine content of less than 15 ppm. 
In Baroda and Dang districts of Gujarat state iodine content of salt 
consumed by majority of the subjects was very low (7-10 ppm), except one family 
that use sah with iodine content of 2,000 ppm. 70!5 per cent in Baroda and 72.5 
per cent subjects in Dang were iodine deficient. 
Kapil at al (1998) on a study on school children where the prevalence of 
goitre was 2.6 per cent found that 78.6 per cent salt samples were powdered and 
21.4 per cent were of crystalline variety. 69 per cent of salt samples had iodine 
content of less than 15 ppm, no sample had nil iodine, but 61.4 per cent of 
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powdered salt samples and 95.3 per cent of crystalline salt samples had less than 
15 ppm of iodine. The difference in the iodine content of two salt samples was 
highly significant (P <0.01) 
Sohal et al (1998) in Himachal Pradesh where the prevalence of goitre was 
8.8 per cent observed that salt with a nil iodine content was consumed only by 2.5 
per cent of the subjects. About 10.8 per cent of families consumed salt with an 
iodine content of less than 15 ppm. 
In Pantnagar, Utter Pradesh, where the total prevalence of goitre in school 
children was 34.5 percent, Mittal et al (1998) found that 92 per cent of the 
families were consuming iodized salt. The data analyses show that on an average 
the iodine requirement in salt was so deficient that the deficient children in the 
area required therapeutic dose of iodine to improve their low iodine status. 
An evaluation study conducted in six endemic districts of Himachal 
Pradesh revealed that 55 per cent of the salt samples collected from traders had 
iodine content of <15 ppm (Kapil et al, 1997). 
Similarly, it was found in Haryana which is an endemic area for IDD, 20 
per cent of the traders were selling salt with <15 ppm iodine. In another study, it 
was found that in the NCT of the Delhi, approximately 41 per cent of the families, 
surveyed, were consuming salt with <15 ppm iodine (Kapil et al, 1996). 
In a study in Bikaner, Rajhastan, it was observed that nearly 32 per cent 
families consumed salt with nil iodine and 8 per cent with <15 ppm iodine 
(Bhardwajetal, 1997). 
Iodine content of salt samples was estimated in some western districts of 
U.P Iodine content of salt, estimated by STK method, was found <15 ppm in 52.0 
per cent samples (Carg et al^l997). 
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CHAPTER III 
MATERIALS AND METHODS 
The study was planned and the design of the research was formulated after 
reviewing a vast range of existing literature both national and international. 
Relevant literature was examined to look at how variables of interest were defined 
and measured, how the data were collected, and the possible ways adopted by 
eminent scholars of the field in analyzing the data. An effort was also made to 
discover not only what has been already done, but also what has not been done 
and what might be worth doing in the area of nutritional assessment of school 
children. The researcher has examined almost all the major studies and 
appropriate researches of consequence from the primary and secondary reports 
including Journals, scholarly texts, conference papers, textbooks, books, 
magazines, other mass media and Internet. Personal interactions with eminent 
scholars of the field were also done. 
3.1 Locale of the Study 
The present research study is carried out on school children aged 5 to 15 
years in Aligarh city (Fig.l) of Uttar Pradesh. Uttar Pradesh is the most populous 
state of India with a population of over 150 million, 16 per cent of the country 
population. Aligarh is situated at a distance of 133 km of south east of Delhi. It 
comprises of 68.97 sq km and has a population of 6,58,165 (Census Department 
of Aligarh City Corporation, 2001). Aligarh is famous for its lock industries and 
Aligarh Muslim University. The population of Aligarh is of mixed nature 
representing people of different religion, occupation and socio-economic levels. 
Wheat and millets form the staple diet and the water sources for drinking and 
cooking purpose are from the suburbs water tables in wells and tube wells. The 
climate of Aligarh is of extreme nature very hot from April to August and very 
cold during December to February. It is well cormected by roads and railways 
with its neighboring states. Data on the nutrition profile of this city with diverse 
geographical characteristic is virtually non-existent. 
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Fig 1 Map of India indicating Aligarh City 
Fig:2 Location of Selected Schools in Aligarh City 
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The geographical boundaries of Ahgarh district includes district Mathura 
in the Southwest, Mahamaya Nagar in South, Etah in Southeast, Badayun in 
Northeast, Bulandshahar in North and Faridabad (Haryana) in Northwest. 
The major considerations for the selection of the locale are: 
a) Studies have not been done to evaluate the nutritional status of school children 
in this region so far. 
b) The city represents population of mixed nature comprising different socio-
cultural and economic background. 
c) Less variability in the dietary pattern, unlike in the metropolitan cities. 
d) Easy accessibility and ease of approach. 
3.2 Research Design 
As per the information obtained from the office of the District Inspector of 
Schools, twenty-seven high schools were functioning in the city of Aligarh. The 
schools were selected for the purpose of the study by using stratified random 
sampling, by dividing the city of Aligarh into specific zones on geographical 
layout. Schools situated in these zones of the city catering to different income 
groups were identified. The schools from each zone were formerly contacted for 
seeking necessary permission from school authorities like principles, deputy 
principles, managers and directors. Based on the consent and active cooperation 
of the school authorities six schools catering to class I to X standard were selected 
to include in the study. (Fig: 2) 
3.3 Population 
The population comprised of the school children in the age group of 5 to 
15 years. The reasons for the selection of this particular age group are as follows 
1. This group forms a large percentage of the total population and thus 
provides high representativeness. 
2. This group has very high vulnerability to nutritional deficiency diseases. 
3. This is a period where in nutritional discrepancies can be remedied more 
easily than in later years. 
4. It is easy to assess nutritional status and detect nutritional deficiency 
disease, at an early stage through clinical system and can be cured. 
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5. Early symptoms of nutritional deficiency are the first indication of the 
disease and if neglected is often the cause of several health problems in 
later life, 
6. The need to evaluate the health needs of this group is currently felt as 
most studies have focused on preschool children and consequently 
heahh needs of this age group have been relatively neglected. 
7. Due to their large proportion, children in school age group exercise a 
dominating influence on overall health status of population and highly 
deserve the priority attention of the health authorities. 
3.3.1 Sample Selection 
School children in the age group of 5 to 15 years studying in various 
classes ranging from class I to X standards in all the selected schools were 
included as population. Altogether there were 12898 children (Annexure-I A&B). 
Stratified sampling technique was used to select the sample fi"om these school 
children, each stratum was identified as a class of the school and the common 
characteristic in each of the stratum was age of the student. 
3.3.2 Criteria 
The chronological age at the time of sampling was the criterion for 
inclusion in the sample. The age at the last birthday (i.e. age in complete year) 
was used for computation of data. 
The other eligibility criteria for the study group were; 
1. Apparent normal health of children. 
2.' Children in the age group of 5 to 15 years. 
3. Who were resident of the city for at least five years, 
4. Who do not have any chronic disease of any organ 
5: Who have a regular attendance 
3.3.3 Study Group 
Using the above eligibility criteria a total number of 2582 eligible children 
(1218 boys and 1364 giris) were surveyed which is 20 per cent of the total 
population of selected schools. Children were interviewed based on pre-tested 
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questionnaire for age, sex, birth order, number of siblings, number of family 
members, type of family, religion, occupation of parents, family income, 
educational level of both the parents, dietary habits, medical history, school 
performance and general physical appearance. Anthropometric measurements 
were recorded with detail clinical examination for symptoms of various 
nutritional deficiency symptoms. Further in depth study was undertaken to 
identify the symptoms of Iodine deficiency. Clinical observation was done for 
each child to identify the symptoms of different grades of goitre according to 
Stanbury's classification (Annexure XI). The comprehensive data collected 
include enquires about type of salt consumed, brand of salt in case of iodized salt, 
source of water, type and frequency of goitrogenous food intake. Salt samples 
were also collected. From among the above sample of 2582 children, casual urine 
samples were collected from every fifth child included in the study irrespective of 
sex or thyroid size and analyzed for urinary Iodine excretion level using the 
standard laboratory method. Casual urine sample was collected from 517 children 
about 20 percent of the children studied. Iodine content of water and salt were 
also estimated. 
3.4 Methodology 
The present study was an intensive^ research to assess the overall 
nutritional status and the role of child family and socio-economic factors. It also 
examined the magnitude of nutritional diseases with special reference to iodine 
deficiency prevailing among school children aged 5 to 15 years. In order to get a 
realistic picture, the techniques adopted for obtaining data and information was 
intensive and time consuming. Multiple options were exercised to collect the 
required details from the subjects. It includes an oral questionnaire that comprised 
of an interview-cum physical examination, anthropometric measurements, and 
clinical observations. Urine sample were also collected for biochemical analysis. 
Standard procedure and techniques were employed for all investigations under 
taken. 
The questionnaire was developed to collect the required information. It 
was prepared carefully in consultation with medical scientists and experts and 
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improved over several administrations. Each question was examined before 
finalizing for its relevance to the study and for its objectivity. 
3.4.1 Pilot Study 
Initial version of questionnaire and all the techniques for measurement of 
anthropometrical, clinical examination and biochemical test adopted were piloted 
on a set of five school children from all the age groups irrespective of gender 
under medical staff supervision. Consequently the content of the questionnaire 
was modified and minor changes were made in the method of gathering 
information on anthropemetric measurements, clinical examinations and 
biochemical examinations. With these changes, tools were then used to study 
different sets of children and the results were found to be fairly satisfactory. 
3.4.2 Data Collection 
Examination/interviews based on the above pre-designed and pre-tested 
questionnaire (Annexure II) were carried out during the year 2001 to 2002. 
Contacts were established with all the selected schools for the study. Personal 
contact along with the permission and consent from the head of the institutions 
characterized the process of the rapport established and created no serious 
problem in data collection. The children of the study group were both physically 
examined and interviewed for family history background and other information in 
their respective schools. Care was'taken to interview and examine the unit of class 
during games, CCA. or free periods. Timetables of all the classes section-wise 
were obtained from the authorities for easy approachability and to avoid any 
academic interruption to the particular class. Prior arrangements were also made 
with the teacher of that particular class unit before undertaking the interviews and 
the physical examinations in each class unit. The subjects under study group were 
assembled separately and were told about the purpose and objectives of the study. 
They were also explained about the procedures of the study. In all the schools 
children under study group were examined class wise and efforts were made to 
cover all the children of a particular class through repeated visits before shifting 
out to other class units. Each subject was called alone in a separate room, 
interviewed and examined personally by the investigator to avoid passing of 
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information to other members of the study group and to ensure privacy, as well as 
to avoid embracement situation to the respondent if asked in front of other 
children and to enable the child to give answer and respond freely to the 
investigator. All the work relating to data collection and physical examination 
were conducted by the investigator to maintain the uniformity. About 30 to 40 
minutes were spent on each child for the physical examination during the school 
hours and for the children where urine samples were to be collected another about 
five minutes per child was taken. The process of data collection and physical 
examination was time intensive. But the efforts were worthwhile, as it secured 
reliability of data. 
The questionnaire was based on issues having seven sections, they were: 
1. General Personal information 
2. Family background 
3. School performance and general hygiene 
4. Anthropometrical measurements 
5. Clinical examination 
6. Biochemical examination 
7. Dietary information 
While the first section dealt with serial number, date of study, school 
name, respondent's name, class, gender, age, ordinal position, religion, place of 
residence etc. the second section deals with the complete family background to 
include name of the father, mother, number of sisters and brothers, their ordinal 
positions with age and date, parents educational level, their occupations (in case 
of mother whether working or house wife.) their income, (including the income of 
other family members, like brothers and sisters) total family income, per capita 
income, total family members, whether nuclear or extended family etc in detail 
to ascertain the socio-economic status of the family. 
The third section of the questionnaire includes information like child 
personal hygiene and general performance in the school etc. The child personal 
hygiene was assessed on the basis of cleanliness of hair, nails, eyes, ears, mouth 
and skin, nose, clothes, shoes and bath habits of the respondents. School 
performance was obtained from class attendance register and on the basis of 
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average percentage of total marks obtained in class examination. In this regard 
opinion of class teacher was sought. 
The forth section deals with the anthropometric measurements like height, 
weight, mid arm circumference, skin fold thickness, which the researcher has to 
take for each child of the study group on the spot and noted down simultaneously 
on the space provided for it on the questionnaire. 
The fifth section deals with in depth clinical examination of different parts 
of the body of the subjects for symptoms of various nutritional deficiencies 
including different levels of anemia and severity of iodine deficiency. The 
questions were set to include the symptoms for normal to various categories of 
particular nutritional deficiency disease. The various categories of symptoms 
found were noted down in the appropriate columns to compute later. 
The sixth section of the questioimaire was of biochemical nature and involves 
taking of sample of urine for further analysis. The bottles for the urine sample 
collection were coded with the name of the child before sending it to the 
laboratories for analysis and the code number were noted down in the 
questionnaire of the particular child of the study group. The coded number of the 
questionnaire facilitate in writing 'down the results of the urinary iodine excretion 
level after analysis using standard laboratory methods for co-relating it with other 
variables. Salt samples were also collected, coded and analyzed and results noted 
down in the questionnaire in which code numbers for a particular sample were 
written already at the time of coding. 
The seventh section elaborates on dietary habits (whether vegetarian or non-
vegetarian), daily meal pattern with diet and intake of food items and their 
frequency with approximate quantity per day, type of salt consumed, brand of salt 
in case of iodised salt, type and frequency of goitrogen intake. 
3.4.3 Filling up the Questionnaire 
The questionnaire was prepared in English language and explained to the 
subject in Hindi also, to facilitate the subject's response as per his choice either in 
Hindi or English. The questionnaire was given to the subjects and was asked to 
complete it in the presence of the researcher. It was never given away to the 
subject to filled in at any other time or left over night with the subjects. If the 
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subjects could not read or write either of the two languages, the researcher read 
out the questions and filled in the response given. The only exception was made 
in case of lower age groups subjects (subjects from 5 year to 9 years). Their 
responses in the questionnaires were filled in by the researcher irrespective of 
their reading abilities in order to maintain uniformity in the procedure with in that 
age group. 
3.4.4 Measurement Procedure 
Standard procedures and techniques were employed for all investigations 
undertaken to ensure the validity and reliability of the measurements, 
standardization exercises were carried out, before embarking up on the study. 
Initial and base line information of the children under the study were 
collected on a pre-designed and pre-tested Performa. 
3.4.5 Age and Other Variables 
As mentioned earlier the chronological age at the time of sampling was the 
age criteria for inclusion in the sample. The age at last birthday i.e. age in 
completed years was used for computation of data. Hence 11 years refer to all 
those children, 11.00 through 11.99 years with an approximate mean of 11.50 
year. Age was obtained from the child, identification card, and school register and 
was recorded in year and months: Attempts were made to verify the accuracy of 
age from birth certificates or school records. Ordinal position and number of 
siblings were recorded as per the information of the respondents. 
Religion was recorded as per the information of the respondents and other 
available school records. 
Information regarding education, occupation of the parents and financial 
sources of the family was collected from the respondents and verified with the 
teachers and when in doubt, data was even verified by visiting the respondent's 
family. All sources of family incomes were taken into account to get per capita 
monthly income. The classification of income into various categories were 
determined according to modified B.G. Prasad's classification with price index 
correction (Annexure-VI). 
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3.5 AnthropometHcal Examination 
For anthropometric measurements eflForts were made to secure accuracy of 
high order by employing standardized equipment like weighing machine, and 
^nthropometer, inch tapes, steal tape, fiber glass tape, calipers etc, to get 
information on all the anthropometic measurements. WHO recommends the use 
of vertical board with attached metric rule and a historical head bound for 
measurement of height and a leveled platform scale for the measurement of 
weight in adults. Standard techniques were used in respect of all the 
anthropometric measurements. 
3.5.1 Weight 
Weight was taken with the help of a Crown Victoria DX bathroom scale to 
the nearest of 0.5 kg reading. The instrument used was easily portable, sturdy, 
inexpensive and light to be carried for the field study. To ensure the accuracy, it 
was checked daily with standard weight and by taking repeated weight of the 
same individual. The subject was weighed preferably before the mid day meal in 
minimal clothing. The subject was asked to empty the bladder before weighing by 
a standard procedure as suggested by Jelliffe, (1966). 
3.5.2 Height 
Height was measured in centimeters nearest to 0.2 cm. The subject was 
asked to stand without shoes but with heels together and with the shoulder, 
buttocks, and heels, touching the scale. The subject looked straight and the head 
was held comfortably erect. The arms hung naturally on the sides. The subject 
was asked to take a deep breath, and stretch without raising the heels. The height 
was recorded when the anthropometer beam was brought down firmly on the 
vertex. In the case of girls it was necessary to remove any impediment like combs, 
ribbons, clips or bands etc. 
3.5.3 Mid Upper Arm Circumference 
The left mid-arm circumference was measured by a fiberglass tape with an 
accuracy of up to 1 mm (Jelliffe 1966). The subject was asked to stand or sit 
conformably with the arm relaxed at the side, with the fiberglass tape passed over 
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the arm at a point midway between the tip of elecranon process of ulna and the 
acromion process of the scapula. 
3.5.4 Triceps Skin Fold Thickness 
Subcutaneous fat can be measured easily by means of skin fold calipers 
(Guthrie, 1979: Robson, 1972). These instruments pinch a double thickness of 
skin and the intervening fat between two plates having a standard contact area and 
exerting a constant pressure. The Harpenden and Lange calipers are the two most 
commonly used. These instruments are capable of obtaining accurate, 
reproducible measurements of skin fold (fat thickness). Usually these are used 
over the back of the arm (triceps), the sub scapular region, and the abdomen 
region. Measurements from these sites can be used to estimate total body fat and 
the quantity of the calorie reserves. Skin folds are also being used as a measure of 
leanness and obesity. 
The triceps skin fold thickness of each subject was recorded with the help 
of Harpender skin fold caliper. Readings were taken to the closet 0.2 nmi with a 
least count of 1.00 mm. A vertical fold was raised midpoint of the triceps on the 
left side and its thickness was measured, with the arm slightly flexed at the elbow. 
3.6 Grading Growth Status 
There are several ways of combining weight and height data to construct 
indices of fatness (obesity) or thinness (under nutrition). The growth status of the 
children was assessed by expressing their weight and height as per ICMR 
(Armexure III) and NCHS (Annexure IV) standards and categorizing them into 
various grades of nutrition status according to Gomez classification. Low weight 
for age indicates levels of underweight and helps in instant monitoring of growth 
of children, where as height for age indices reflects long term nutritional status. 
* 
Inadequate height for age indicates a chronic condition 'stunting'. The third 
indices weight for height reflects 'wasting' an indicator of current nutritional state. 
Such combination of indices could be used to assess whether the child is fatter or 
thinner than is usual for a child of that sex, age and background. These were 
calculated separately for boys and girls for each year of age as the reference 
standards vary by age and sex. For assessing the nutritional status of Aligarh 
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children one of the most useful method that is the Gomez classification (India 
Nutritional Profile, 1998) was adopted along with equally famous Waterlow's 
classification. 
The children were grouped into different grades of nutrition status by both 
Gomez's and Waterlow's classifications (Annexure - V). Children were assigned 
to normal, grade I, grade II and grade III group of malnutrition using Gomez's 
classification and normal, mild, moderate and severe stunted and wasted using 
Waterlow's classification. In the present study children were considered to be 
normal if they were more than 90 per cent of normal standard, suffering from 
grade I malnutrition (mild) if they'show 75-89 per cent of the normal standard and 
grade II malnutrition (moderate) if they show 60-74 per cent and grade III 
malnutrition (severe) if they were below 60 per cent of normal standard after 
calculations. Using height for age as the indicator, children were classified as 
being normal if they are at 95 per cent or above, mildly stunted (87.5-95 per cent) 
moderately stunted (80-87.5 per cent) and severely stunted (below 80 per cent) of 
standards. For weight for height as indicator, children were classified as normal, if 
they were more than 90 per cent of the standards, mildly wasted (80-90 per cent) 
moderately wasted (70-80 per cent) and severely wasted (below 70 per cent) of 
standards. 
3.7 Dietary Assessment 
Diet survey was conducted to elicit information regarding the diet and 
food habits of children. Every subject was questioned in detail about his or her 
daily food intake employing three-day recall method. The subjects were enquired 
about their dietary pattern, frequency of consumption of food to confirm about the 
changes in dietary habits. It gives almost a true representation of the usual intake 
of food over a period of time. It also minimizes the problems of intra-variability 
found in the 24-hour recall method. The method chosen overcome the problem of 
memory flogging found in 7 days recall. In order to help in quantifying the 
amount of food consumed, the respondents were emphasized to express the 
consumption in terms of katories (bowls) size (large A, medium B, small C) and 
of chapatti size (large A, Medium B and small C) which were based on pre-
standard cups, katories (bowls), and card board cutouts. To ensure the 
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reproducibility and reliability of the measurement standardization exercises were 
carried out (Aimexure X-A&B), before embarking on the study itself. This helped 
in quantifying the portion of food consumed by the subjects. In the present study 
mean daily intake of different food groups and food nutrients were examined in 
different age groups 5 to 6, 7 to 9, 10 to 12 and 13 to 15 years. According to 
Indian Council of Medical Research (1985; 1989) recommended daily allowances 
(Annexure - VIII and IX), the daily requirement of food groups as well as food 
nutrient were different for these age groups. So to ascertain the exact figures of 
intake of food groups and food nutrients were computed age group wise as per the 
standards determined by ICMR for both boys and girls separately. 
The reasons for not adopting other methods are briefly mentioned below: 
Weighment method: Though one of the most accurate methods, it could not be 
selected as it is expensive and difficult to use in the field. Beside, Todd et al 
(1983) found it to be difficuh to use with children as subjects expressed a dislike 
to weigh foods. 
24-hour recall: This method has been widely used in cross-cultural 
epidemiological studies. Block, (1982) and Beaton, et al (1983) have pointed out 
the shortcomings of single day diet. One-day recall may not be representative of 
the used intake since individual diets vary greatly from day to day. The method is 
found less accurate. Studies conducted by this method have not revealed 
significant relationship between nutrient intake and the disease variability of 
nutrient intake, within individuals, which is not reflected by the one day method 
could be reasonable for this observation. 
7-day recall: the method is similar to the 24-hour recall. It gives a better 
representativeness than the 24-hour recall but its accuracy is lowered due to 
memory flogging. 
Diet history: The method measures about 50 per cent nutrients reasonability. It 
can be used for usual intake of food groups, but not for nutrients consumed 
(Beaten etal. 1983). 
In view of the above shortcomings, the 3-day recall method was 
considered the most feasible combination methods to be adopted. The 3 day recall 
method with quantifying pre-standard weights and measurements, it was felt, 
would be reasonably accurate, and would give a reasonable meaning, besides 
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being practical to use and inexpensive, since the method was to be used in young, 
Uterate motivated children, problems of poor recording and co-operation were 
also not envisaged. Persson (1984) and Beaton et al (1983) after reviewing 
methodologies for collection of dietary data has also concluded that there is no 
ideal method but a preferred method to suit the purpose of dietary assessment 
must be used. 
3.8 Clinical Examination 
Detailed clinical examinations of the subject were carried out. Clinical 
signs suggesting various nutrient deficiencies were examined by a standard 
procedure documented by^^ ^_Jelli|fe_ (1966). The children were examined 
particularly for conjunctival xeroxis, kerotomelacia, angular stomatitis, glassitis, 
dental caries, anemia, pallor and Iodine deficiency disease. Clinical history was 
taken for prevalence of IDD, which include any swelling in front of neck, features 
of hypothyroidism like weight gain, increased intolerance to cold, hoarseness of 
voice, menstrual irregularities, -puffiness of face, hair loss, lethargy, easy 
fatigability, retarded growth and development. 
A detailed clinical examination was done for prevalence of different stage 
of goitre. Grading of goitre was done according to stanbury's classification 
(Annexure-XI). The examination of goitre was done according to ICMR (1989) 
recommendation. The subject was asked to start walking towards the examiners to 
have a look at his/her gait, body proportion and the enlarged gland if any i.e. 
Grade III and IV. 
If goitre was not visible, the patient was asked to sit and face the examiner 
at a close distance with the front of the neck well exposed to light. If the presence 
of goitre was detected straight away with the neck in normal position it was grade 
II. If goitre was not detected by this method, the subject was requested to extend 
his/her neck and asked to swallow that helped to note the visible enlargement of 
the thyroid gland i.e. Grade I. The examiner then palpates the thyroid gland with 
the subject turning his back to the examiner, either in a standing or a sitting 
position. The palpitation of the thyroid gland confirmed and supplements the 
result of inspection. The consistency and modularity of the gland were assessed 
by the four fingers with hand along with the trachea. 
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3.9 Biochemical Analyses 
The casual urine samples were collected in wide mouthed screw capped 
glass bottles, rinsed with deionized benzine treated water (one drop of toluene 
was added to each sample to inhibit bacterial growth and to minimize bad odour). 
Bottles were coded to facilitate identification of sample with subject. Urinary 
iodine was estimated by standard laboratory method. First of all standard graph 
was drawn. After that 100 )a liter of urine sample was centrifuged at 2500 
rpm/minute for 20 minutes. 2.65 ml of double distilled water along with 0.25 ml 
arsenious acid was added in the tube. After that 0.5 ml eerie ammonium sulphate 
was added in the tube. The tube was incubated at 40*^  C water bath for 30 minutes. 
0.1 ml of 0.5% 'O' phenyldiamine was added. The tube was thoroughly mixed 
and kept for 15 minutes at room temperature. Reading by colorimetric at 470 nm 
against double distilled water was taken. A blank tube and a standard tube were 
put to check the reading. Actual reading was calculated by subtracting test reading 
from blank reading. The urinary iodine level of > 10 |J,g/dl was taken as normal 
(Annexure XII). The estimation was done in the laboratory in the department of 
Preventive and Community Medicine, J.N.M.C. A.M.U. Aligarh. 
In case of water iodirie- estimation, water sample were drawn from 
different localities of the city and laboratory analysis was made to determine the 
iodine content in the water. Iodine content of water was low if it was < 5 fxg/l. 
Iodine content of salt was estimated by Spot testing kit (STK) method. 
The spot testing kit contained vials with chemical solutions. One drop of chemical 
solution turned a salt sample light blue to violet in colour depending upon the 
content of iodine in the salt sample. The colour was compared with the colour 
given on strip of spot testing kit, indicating level of iodine concentration. 
3.10 Analysis of Data 
All the data obtained through questionnaire, observation and biochemical 
analysis were coded and entered into computer taking into consideration all the 
parameters of the relevance and importance of the study. Mean, standard 
deviation and percentiles were calculated for various anthropometric parameters 
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for each age group for boys and girls separately as well as combined for analysis 
and comparison. The mean and percentile for various parameters were utilized 
for analyzing the relationship with nutritional status and for comparison with 
other standard percentiles and studies. Normal 'Z' tests and student 't' test were 
used for comparing observed mean for various anthropometric parameters with 
those of national, international and other studies. The Gomez classification and 
Waterlow classification for distribution of nutritional status was calculated from 
measured weight and height to classify children into two groups i.e., normal and 
Grade. I + Grade II + Grade III category of malnutrition. Chi-square test was 
applied to find out the differences in the distribution of various parameters among 
different age groups and sex and their intra and inter relationships. The child, 
family and social factors associated with better nutritional status, higher 
prevalence of malnutrition and nutritional deficiency of children using chi-square 
test are depicted as probability levels from P< 0.001 to P< 0.05 indicating positive 
or negative association. Step wise multiple regressions were utilized to yield a 
combination of factors with greatest explanatory power predicting nutritional 
status. All the analysis was done using Statistical Package for Social Sciences(* 
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CHAPTER-IV 
FINDINGS AND DISCUSSION 
This research study was conducted among a selected sample of the 2582 
school children both male and female between the ages 5 to 15 years. The 
objective was to assess overall nutritional status, the degree and level of 
prevalence of malnutrition and nutritional deficiencies with special reference to 
iodine deficiency disorder and to identify the causative factors. The sample data 
was collected during the year 2001 to 2002 from the pre identified schools. The 
findings of the study are presented in this chapter along with explanatory tables, 
charts and graphs. 
4.1 Sample Characteristics 
The details of composition of the sample studied are shown in Table I. 
The total numbers of children studied were 2582 (1282 boys and 1364 girls) in 
the age group of 5 to 15 years. The gender representation of the children was 
47.18 per cent for both male and 52.82 per cent for female children. The age wise 
representation of the children from 5 to 15 year ranges from 8.52 per cent to 9.72 
per cent for male and female children. The finding revealed that 42.95 per cent of 
the children were either first or second bom followed by 3' and 4' born having a 
share of 40.28 per cent and 5"^  and 6"^  bom with 15.33 per cent. The minimum 
position of 1.45 per cent was secured by 7* and above born children. The trend 
favours small family norms, which may be attributed to the growing awareness to 
limit the size of the families. Like wise with regard to the number of siblings the 
analyses revealed that 52.25 per cent children were having either two or less than 
two siblings where as 47.75 per cent have either three or more than three siblings. 
The majority of the population sample group with a share of 39.54 per cent had 
family size of below 4 members followed by 5 to 7 members and above 7 
members with 30.44 per cent and 30.02 per cent respectively. The families were 
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mostly nuclear with 67.03 per cent and the remaining 32.97 per cent famiHes 
hved jointly. Religion wise 53.75 per cent families were Muslims and 46.25 per 
cent were Hindus. 
Table -1 
Composition of the population sample 
Total population: 
Sex: 
Age (year): 
Ordinal position: 
Number of sibling 
Family size: 
Type of Family: 
Religion: 
Composition 
Boys 
Girls 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1-2 
3-4 
5-6 
>7 
<2 
>3 
<4 
5-7 
>7 
Joint 
Nuclear 
Muslim 
Hindu 
Numbers 
2582 
1218 
1364 
231 
225 
221 
220 
221 
243 
242 
240 
251 
243 
245 
1109 
1040 
396 
37 
1349 
1233 
1021 
786 
775 
851 
1731 
1388 
1194 
Percentage 
47.18 
52.82 
8.94 
8.71 
8.55 
8.52 
8.55 
9.41 
9.37 
9.29 
9.72 
9.4] 
9.48 
42.95 
40.28 
15.33 
1.45 
52.25 
47.75 
39.54 
30.44 
30.02 
32.97 
67.03 
53.75 
46.25 
Table Contd. 
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Table -1 (Contd.) 
Composition 
Income groups: 
Education of father: 
Education of mother: 
Occupation of father: 
Occupation of mother: 
Mother working 
status: 
Dietary habits: 
Rs. > 2500/mth 
Rs. 1770-Rs.2499/mth 
Rs. 1040-Rs. 1769/mth 
Rs. 300-Rs. 1039/mth 
Rs. < 299/mth 
Illiterate 
High school 
Intermediate 
Graduate 
Professional 
• 
Illiterate 
High school 
Intermediate 
Graduate 
Professional 
Professional 
Semi professional/service 
Skilled worker 
Semi skilled worker: 
Unskilled worker 
Professional 
Semi professional/service 
Skilled worker 
Semi skilled worker 
Unskilled worker 
Working 
House wife 
Non vegetarian 
Vegetarian 
Numbers 
432 
561 
471 
526 
592 
339 
727 
477 
525 
514 
1364 
578 
138 
346 
156 
454 
550 
471 
571 
536 
135 
275 
96 
257 
33 
796 
1786 
1367 
1215 
Percentage 
16.74 
21.73 
18.23 
20.37 
22.93 
13.12 
28.15 
18.47 
20.33 
19.90 
52.82 
22.38 
5.34 
13.40 
6.04 
17.56 
21.33 
18.23 
22.11 
20.77 
16.97 
34.54 
12.06 
32.28 
4.14 
30.83 
69.17 
52.94 
47.05 
The majority of population i.e. 61.53 per cent (18.23%+20.37%+22.93%) had a per 
capita family income up to Rs.l769 per month followed by 38.47 per cent 
(16.74%+21.73%) falling above this level. About 22.11 per cent of the fathers of the 
children were semi skilled workers followed by semi professionals 21.33 per cent, 
unskilled 20.77 per cent, skilled workers 18.23 per cent and the lowest 17.56 per 
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cent were in professional occupations. The mothers of the children studied were 
mostly non-working i.e. 69.17 per cent and only 30.83 per cent found to be working 
mothers. Out of this 30.83 per cent working mothers 34.54 per cent were in semi 
professional jobs followed by 32.28 per cent semi skilled workers with 16.97 per 
cent in professional jobs. Only a small figure of 4.14 per cent were found to be 
working as unskilled workers. On analyses of educational background of the parents 
it was found that 19.44 per cent mothers had college education where as 40.23 per 
cent of fathers holds college degrees. The findings revealed that 13.12 per cent of 
fathers and 52.82 per cent of mothers had no education at all. Only 6.04 per cent of 
mothers and 19.90 per cent of fathers of the children had postgraduate education. 
The larger percentage of uneducated and non working mothers may be due to the 
fact that Aligarh city from where the sample is drawn also reflects a general pattern 
prevailing in the whole state of Utter Pradesh, which is the most populous and one 
of the most educationally and economically backward state of the country. The 
analyses revealed that 52.94 per cent were non-vegetarian compared to 47.05 per 
cent vegetarian. 
Table - II 
Distribution of school children according to age and sex 
Age group 
in years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
Male 
No 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
1218 
Percentage 
8.21 
8.21 
8.21 
8.21 
8.21 
9.77 
9.93 
9.77 
9.93 
9.60 
9.93 
47.2 
Female 
No. 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
1364 
Percentage 
9.60 
9.16 
8.87 
8.79 
8.87 
9.09 
8.87 
8.87 
9.53 
9.23 
9.01 
52.8 
No. 
231 
225 
221 
220 
221 
243 
242 
240 
251 
243 
245 
2582 
Total 
Percentage 
8.94 
871 
8.55 
8.52 
8.55 
9.41 
9.37 
9.29 
9.72 
9.41 
9.48 
100 
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Table II shows the distribution of children according to age and gender. The 
children included in this study were between the age group 5 to 15 years studying 
between I standard to X standard. The percentages for each age group from 5 to 15 
years were approximately equal ranging from 8.52 per cent to 9.72 per cent. Out of 
2582 children 1281 were boys (47.2%) and 1364 (52.8%) were girls. Thus sample 
group of children studied for nutritional status represented almost equally in 
respect of age, gender, child, family and social variables and other factors. 
4.2 Anthropometric Examination 
The study intends to test the first hypothesis the growth and development of 
the children will be lagging behind in comparison to ICMR and NCHS standards. 
The objective behind is to assess the status of growth and development of Aligarh 
school children and to compare with ICMR, NCHS (Annexure -III & IV) and other 
standard parameters. 
The hypothesis is tested with reference to anthropometic measures. 
Malnutrition among children was assessed by body measurements like weight, 
height, mid upper arm circumferences and triceps skin fold thickness. According to 
Jelliffe (1966) the body normal weight and height for stated age can be best 
compared with locally prepared standards for nutritional assessment of the local 
subjects and they can be subsequently compared with national and international 
standards. Any deviation from a local pattern will detect individuals that are at a 
disadvantaged position in relationship to the rest of the population. Realizing the 
need for local and national standards for Indian children, Indian Council of 
Medical Research in 1972, published the reference standards of growth and 
physical development of Indian children aged one through twenty-one years for the 
country as a whole as well as for each state of India. These are being revised and 
updated periodically in the light of new knowledge at intervals of about ten years 
by an expert committee constituted by the ICMR in 1988. 
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The mean, standard deviation, percentile, yearly increase, total gain of 
weight and height, mid upper arm circumferences and triceps skin fold thickness of 
the subjects according to age and sex were statistically measured and discussed. 
The distribution by anthropometric characteristics and the relevant findings with 
each of the anthropometric variables, the differences for various parameters were 
analyzed and compared with NCHS (1987), ICMR (2000) and other studies and 
statistically calculated and discussed below. 
4.2.1 Weight: Age and Gender 
The mean weight with standard deviation, percentiles, yearly increase, total 
increment and comparison with ICMR, NCHS standards and other studies are 
presented in the following tables and figures. 
4.2.2 Weight in Boys 
The mean weight age-wise with standard deviation and percentiles of 1218 
boys fi-om 5 to 15 year are presented in Table III. 
Table III 
Weight (Kg) mean, standard deviation and percentiles of 1218 boys on the 
basis of age 
Age 
in 
Year 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
Mean 
16.75 
17.23 
18.58 
20.95 
23.20 
25.56 
27.39 
29.37 
33.55 
39.77 
45.42 
• 
SD 
1.86 
1.52 
1.70 
2.51 
3.23 
5.03 
4.24 
4.04 
5.08 
5.47 
6.82 
5'^  
13.2 
15.3 
15.2 
17.3 
18.2 
20.3 
20.5 
23.5 
25.7 
31.6 
34.3 
10th 
15.6 
15.4 
15.6 
18.3 
19.4 
21.5 
21.9 
24.6 
28.2 
33.2 
35.6 
Percentile 
25"' 
16.1 
16.4 
18.3 
19.4 
20.3 
22.9 
25.3 
27.9 
30.1 
35.3 
43.2 
50th 
17.2 
17.1 
19.1 
20.5 
24.6 
24.3 
27.5 
29.2 
34.3 
40.2 
45.3 
75th 
18.5 
19.2 
20.2 
22.2 
25.2 
26.4 
29.2 
32.5 
36.9 
44.3 
50.2 
90'" 
19.2 
20.2 
20.5 
25.6 
26.3 
32.2 
32.5 
35.3 
41.2 
47.5 
53.9 
95th 
20.1 
20.6 
21.3 
26.1 
29.1 
33.5 
35.3 
36.7 
42.0 
50.4 
55.4 
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The weight of boys increased steadily with increase in age from 5 years to 
15 years. The mean weight in the age group 5 to 15 years ranged from 16.75 kg 
to 45.42 kg with a total gain of 28.67 kg. On age-wise analyses with respect to 
weight gain given in Table IV, it was observed that the weight gradually 
increased from 0.48 to 2.36 kg in the age group of 5 to 10 years, then it dipped 
down to 1.83 kg from 10 to 11 and 1.98 kg from 11 to 12 years respectively. In 
the subsequent years the rate of weight gain increased to 4.18 kg., 6.22 kg and 
5.65 kg for the age group 12 to 13 years, 13 to 14 years and 14 to 15 years 
respectively. 
Table - TV 
Mean (± S.D) weight (Kg) of 1218 boys on the basis of 
age with increment 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9 
10 
11 
r\ 
Age in 
Years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
Mean 
(Kgs) 
16.75 
17.23 
18.58 
20.95 
23.20 
25.56 
27.39 
29.37 
33.55 
39.77 
45.42 
S.D 
1.86 
1.72 
1.70 
2.51 
3.23 
5.03 
4.24 
4.04 
5.08 
5.47 
6.82 
Yearly 
0.48 
1.35 
2,37 
2.25 
2.36 
1.83 
1.98 
4.18 
6.22 
5.65 
Increment 
Age group 
wise 
"1 
r 0.48 
-N 
> 
J 
~\ 
—' 
. 4.62 
>.3.81 
—s 
^11.87 
Total 
^ 
J 
( 2^61 
—' 1 
SD - Standard Deviation 
The maximum weight gain was observed in the age group of 13 to 14 and 
14 to 15 years. A total weight gain of 28.67 kg was registered between 5 to 15 
years. On further analyses it was observed that the total weight gain was lower in 
comparison to other anthorpometric studies. (AgarwaLet_aM992; Bhasin et al 
1990; Rath et al 1978; ICMR 2000; NCHS 1987). 
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The result of the present study was compared with the ICMR and NCHS 
standards Table V. The mean weight of the boys in the study indicated that they 
were consistently lower than ICMR well to do children differing from 2.58 kg to 
9.41 kg across the ages. With regard to the percent differences the boys of the 
present study with ICMR standards weighed about 71.34 to 87.01 per cent. 
When NCHS standards were compared the differences were found to be between 
1.95 kg to 7,63 kg across the age groups and were measuring 79.37 to 89.57 per 
cent. The difference for NCHS standards were less as compared to ICMR 
showing that ICMR well to do children are higher than NCHS standards. The 
maximum differences were noted for the age 12 to 13 years, being 9.41 and 9.33 
and 7.63 and 7.35 respectively in comparison to both with ICMR and NCHS 
standards. However the differences of the present study were statistically 
significant (P<0.01) at all ages. 
Table-V 
Comparison of Mean (± SD) of weight (Kg) of 1218 boys 
with ICMR and NCHS standards on the basis of age 
Age 
. 
ID 
Years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
Mean 
(Kgs) 
16.75* 
17.23** 
18.58** 
20.95** 
23.20** 
25.56** 
27.39** 
29.37** 
33.55** 
39.77** 
45.42** 
S.D 
1.86 
1.72 
1.70 
2.51 
3.23 
5.03 
4.24 
4.04 
5.08 
5.47 
6.82 
ICMR 
Kgs) 
19.33 
24.14 
24.46 
26.42 
30.00 
32.28 
35.26 
38.78 
42.88 
48.26 
52.15 
Differ 
Ence 
2.58 
6.91 
5.88 
5.47 
6.80 
6.72 
7.87 
9.41 ; 
9.33 / 
8.49 
6.73 
%of 
ICMR 
stds. 
86.65 
71.34 
75.83 
79.35 
77.33 
79,13 
77.59 
75.69 
78.21 • 
82.33 
87.01 
NCH 
S 
(Kgs) 
18.7 
20.7 
22.9 
25.3 
28,1 
31.4 
32.2 
37.0 
40.9 
47.0 
52.6 
Differ 
ence 
1.95 
3.47 
4.32 
4.35 
4,9 
5.84 
4,81 
7,63 
7,35 
7.23 
7,18 
%of 
NCHS 
stds. 
89,57 
83,23 
81,13 
82.81 
82.56 
81.42 
85.06 
79,37 
82.02 
84,61 
86.34 
= Standard Deviation; * p<0,05; ** p<0,01 for differences in observed 
means and ICMR and NCHS standards value for respective age groups 
no 
On comparison with Devi et al (1999) the study compared weil with aii the 
age groups except at 7, 8, 9 and 12 years where it was higher. In comparison with 
Bhasin et al (1990) study of higher socio economic status from Haryana, the mean 
weight was lower at all levels. On comparison with Bhave et al (2001) the mean 
weight was more or less similar at all ages except at 15 years where it was lower. 
In comparison to Rath et al (1978) the mean weight of boys was lower at all ages. 
Results of the present study were also compared with findings of certain selected 
studies from Western, Asian and Indian studies regarding mean weight of boys and 
are summarized in Table VI. 
The 50^*^  percentile of weight of the boys 5 to 15 years is depicted in fig. 3 and 
comparison of 50^ percentile of NCHS, Agarwal and ICMR between 5 and 15 
year were also shown for the purpose of analysis. 
Fig.3: Comparison of 50th percentile of weight of boys 
with other studies 
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t^h Comparing the 50 percentile with NCHS it was noted that at the age group 
5 years it falls at 25* percentile of NCHS, age group of 9 years falls between 10* 
and 25* percentile and the rest age groups 6,8, 10,11,13 falls at 5* percentile 
except the age group 12 years which falls below 5* percentile. 
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Comparing our 50th percentile with Agarwal study the age groups of 5, 9, 
14 and 15 falls between 25"^  and 50' while the rest of the age groups falls between 
10* and 25* percentile. 
On comparison with ICMR, the 50* percentile of boys fall between 5* and 
10* percentile for 6,9,10,11 and 14 year age groups and for 12 and 13 year age 
groups it fall below the 5* percentile. The 50* percentile of boys of the present 
study for rest of the age groups falls between lO' and 25' percentiles of the 
ICMR standards. 
4.2.3 Weight in Girls 
The mean weight with standard deviation and percentile of 1364 girls from 
5 to 15 year are presented in Table VII. 
Table-VII 
Weight (kg) mean, standard deviation and percentiles of 1364 girls on the basis 
of age 
Age 
in 
Years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
Mean 
15.27 
17.18 
18.58 
20.49 
23.02 
24.44 
26.80 
28.93 
35.53 
41.90 
42.12 
SD 
1.61 
2.26 
2.16 
2.50 
2.55 
3.74 
4.27 
4.83 
5.47 
5.74 
5.89 
5" 
13.1 • 
13.2 
15.2 
16.3 
20.5 
21.3 
21.1 
23.2 
24.4 
272 
28.2 
10th 
14.1 
14.2 
16.2 
18.6. 
20.2 
232 
23.4 
24.7 
26.5 
29.8 
29.6 
Percentile 
25th 
15.4 
16.3 
17.3 
19.2 
21.5 
24.5 
26.1 
27.5 
31.2 
34.2 
35.2 
50th 
15.9 
17.2. 
19.2 
20.3 
23.5 
27.5 
29.1 
31.2 
39.2 
40.5 
40.5 
75th 
16.2 
19.5 
20.6 
22.2 
24.5 
31.2 
34.5 
37.5 
44.7 
45.2 
45.5 
90th 
18.3 
20.3 
21.2 
24.2 
26.2 
36.4 
36.3 
43.7 
48.2 
49.3 
49.1 
95th 
19.2 
20.2 
22.2 
26.1 
28.2 
36.2 
38.1 
45.5 
51.1 
52.6 
52.8 
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As noted in the boys, the weight of girls also gradually increased from 5 to 
15 years. The mean weight in the age group from 5 to 15 years ranges from 15.27 
kg to 42.12 kg. A total weight gain of 26.85 kg was registered between 5 to 15 
years. On age-wise analyses Table VIII it was found that while the observed weight 
gain between 5 to 6 years was approximately 1.91 kg it rose to 2.53 kg between 8 to 
9 years. The weight gain was significantly high during 12 to 13 and 13 to 14 years, 
the gain being 6.6 kg to 6.37 kg per year respectively and then dipped down to 0.22 
kg between 14 to 15 years. The total gain in weight from 5 to 15 years was 26.85 
kg, which was lower than the total weight gain of 28.67 kg of boys in the present 
study (Table VII) as well as lower m comparison to other afitborpometric studies 
and standards. (Agarwal et al 1992; Bhasin et al 1990; Rath et al 1978; ICMR 2000; 
NCHS 1987). 
Table - VIII 
Mean (± S.D) weight (Kg) of 1364 girls on the basis of 
age with Increment 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9 
10 
11 
Age in 
Years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No. 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
Mean 
(Kgs) 
15.27 
17.18 
18.58 
20.49 
23.02 
24.44 ' 
26.80 
28.93 
35.53 
41.90 
42.12 
S.D 
1.61 
2.06 
2.16 
2.50 
2.55 
3.74 
4.27 
4.83 
5.47 
5.47 
5.89 
Yearly 
1.91 
1.40 
1.91 
2.53 
1.42 
2.36 
2.13 
6.6 
6.37 
0.22 
Increment 
Age group 
wise 
1 
J 1.91 
1 
y 4.44 
y 
L 4.00 
-^ 
"^ 
16.59 
Total 
^ 
J 
f 26.85 
SD = Standard Deviation 
The mean weight in the age group 7 to 9 years ranged from 18.58 to 23.02. 
The increment was 4.44 kg. The mean weight in the age group of 10 to 12 year 
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ranged from 24.44 to 28.93 kg. The increment was 4.00 kg. The mean weight in the 
age group of 13 to 15 year ranged from 35.53 kg to 42.12 kg. The increment was 
6.59 kg. The gain was significant at one per cent level of probability. 
The result of the present study was also compared with the ICMR and 
NCHS standards in Table IX. The mean weight of girls was lower than ICMR well 
to do children differing about 3.40 kg to 14.04 kg across the ages and they weight 
about 67.43 per cent to 89.72 per cent of ICMR standards. The differences across 
the ages were found to be significant at (P<0.01). With regard to NCHS standards 
the difference was 2.32 kg to 9.77 kg as age increased. The girls weighed about 
74.75 per cent to 88.15 per cent of NCHS standards. The results were marginally 
lower in the age group of 10 to 13 years showing the maximum difference for 
ICMR and NCHS standards. Overall it was found that girls are uniformly lighter for 
all ages and the differences in mean weight were found to be statistically significant 
(P<0.01). 
Table-IX 
Comparison of Mean {± SD) of Weight (kg) of 1364 girls 
with ICMR and NCHS Standards on the basis of Age 
Age in 
Years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No. 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
Mean 
(Kgs) 
15.27** 
17.18** 
18.58** 
20.49** 
23.02** 
24.44** 
26.80** 
28.93** 
35.53** 
41.90* 
42.12** 
SJ) 
1.61 
2.26 
2.16 
2,50 
2.55 
3.74 
4.27 
4.83 
5.47 
5.74 
5.89 
ICMR 
(Kgs) 
18.67 
21.56 
24.45 
25.97 
29.82 
33.58 
37.17 
42.97 
44.54 
46.70 
48.75 
Differ 
ence 
3.40 
4.38 
5.87 
5.48 
6.80 
9.14 
10.37 
14.04 
9.01 
4.80 
6.63 
%of 
ICMR 
stds. 
81.65 
79.53 
75.83 
78.89 
77.24 
72.61 
72.04 
67.43 
78.95 
89.72 
86.31 
NCHS 
(Kgs) 
17.7 
19.5 
21.8 
24.8 
28.5 
32.5 
33.7 
38.7 
44.2 
48.5 
51.4 
Differ 
Ence 
2.43 
2.32 
3.22 
4.31 
5.48 
8.06 
6.91 
9.77 
8.47 
6.17 
9.28 
%of 
NCHS 
stds. 
86.27 
88.15 
85.22 
82.62 
80.77 
75.24 
79.52 
74.75 
80.75 
87.31 
81.94 
SD = Standard Deviation; * p<0.05; ** p<0.01 for differences in observed 
means and ICMR and NCHS standards value for respective age groups 
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On comparison with Devi et al (1999) our study compares well with all the 
age groups except at age 7 years where it was higher, and lower at 12 years In 
comparison with Bhasm et al (1990) of higher socio economic status from Haryana, 
the Aligarh girls were found to be lower at all levels in the present study In 
comparison with Bhave et al (2001), the study showed almost similar results at all 
ages On comparing data with Rath et al (1978) the trend reflected was lower at all 
ages However the values of the present study were comparable at 7,8,9 and 14 
years and were shglitly on the lower side for other age groups of those published by 
Agarwal et al (1992) Results of the present study were also compared with findings 
of certain selected studies from Western, Asian and Indian studies regarding mean 
weight of girls and are summarized m Table X 
The 50* percentile weight of girls between 5 to 15 years was depicted m 
fig 4 and comparisons were made with 50th percentile of NCHS, Agarwal and 
ICMR, studies between 5 to 15 years 
Fig. 4: Comparison of 50th percentile of weight of 
girls with other studies 
60 n 
50 
r 
f 
S 20 10 
9 10 11 
Age (Years) 
12 13 14 15 
-•— Present Study 
- • - N C H S 
- * - ICMR 
-•—Agarwal 
Comparing the present study 50* percentile with NCHS it was found that the 
girls in the age group of 7 years fall between 10 to 25* percentile of NCHS 
standards and the age group of 5,6,8,9,10,1 land 14 years fall m the 10* percentile. 
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while the age group 12 years fall between S"^  and 10* percentiles and the age group 
of 15 years lie at 5* percentile of NCHS standards. 
On comparison with ICMR the 50"^  percentile of 10, 11 and 12 year age 
group girls fall between 5* and 10* percentile and 5,6,7 and 13 years age group fall 
between 25* to 50* percentile with 8 and 9 years falling between 10* to 25* 
percentiles. The rest of the age group fall below the 5* percentile of the ICMR. 
Comparing with Agarwal study the age group of 5 and 15 years fall between 
10 and 25 percentile while the rest of the age groups except 7, 10 and 13 falls 
between 25* to 50 percentile. The 50* percentile of 7,10 and 13 years falls exactly 
at the 50* percentile of Agarwal study. 
On comparison between the weight of boys and girls, mean weight of boys 
was marginally better than that of girls. The maximum difference was 7.63 kg at the 
age of 12 years for boys, where as it was 9.77 kg for the age group 12 years for girls 
in comparison to NCHS standards. On comparison with ICMR standards the 
difference for boys at the age group of 12 year was 9.41 kg where as it was 14.04 kg 
for girls of the same age group. The result revealed that the boys weighed about 
79.37 to 89.57 per cent of NCHS where as girls weighed about 74.75 per cent to 
88.1 per cent of NCHS standards, which were much lower than boys. With regard to 
ICMR standards the boys weighed about 71.34 per cent to 89.72 per cent, where as 
girls weighed about 67.43 to 87.01 per cent 
The comparison of weight of girls with boys revealed that at age group 10 
year, the difference was significant at (p<0.05) level of probability and at the age 
group of 5 year and 15 year, the significant level was found to be at (p<0.01) one 
per cent level of probability. For rest of the age groups, the differences in mean 
weight of boys and girls were not significant. On comparison between boys and 
girls for different age groups, it was found that boys were heavier than girls up to 9 
years and from 10 to 12 years, the differences between boys and girls were very 
marginal, then from 13 years onwards boys weigh more than girls. The result 
revealed that during the age group of 10 to 12 years the gain in weight for girls 4.00 
kg was higher in comparison to boys, who gain about 3.8 kg during the same age 
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period. For the age groups 13 to 15 years onwards the boys overtook the girls in 
weight by gaining about 11.87 kg in comparison to 6.59 kg gain in girls for the 
same age group. Girls overtook the male children during 10 to 12 years. The 
difference could be due to the timings of the preadolescent growth spurt, which is a 
couple of years earlier in girls than boys. Behrman and Voughan (1983) also 
observed the same trend so did Rath et al (1978), Rao et al (1984), Mathura et al 
(1989), and Devi et al (1999). The spurt though varies in intensity and duration, is a 
constant phenomenon and seen all over the world. The relatively low weight of boys 
and girls found in the present study may have some relationships with child and 
family factors and socio-economic conditions. There could be several reasons for 
such a lag and the most important being undernutrition and low socio economic 
conditions, which are discussed in detail later in this chapter. 
4.2.4 Height in Boys 
The mean height with standard deviation and percentile of 1218 boys from 5 
to 15 years are presented in Table XI. 
Table XI 
Height (cm) mean, standard deviation and percentiles of 1218 boys on the basis of age 
Age 
in 
Year 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
Mean 
107.90 
111.90 
117.40 
118.31 
124.67 
134.84 
136.83 
143.01 
149.97 
156.69 
162.05 
SD 
5.18 
7.29 
9.15 
4.79 
6.68 
7.08 
7.59 
6.71 
8.68 
7.67 
8.51 
' 
5th 
99.8 
102.1 
104.3 
110.8 
114.4 
122.4 
122.1 
132.5 
137.4 
144.7 
145.8 
10th 
101.8 
102.5 
107.6 
112.6 
118.3 
129.7 
127.5 
136.6 
137.9 
147.6 
149.2 
25th 
105.2 
108.1 
112.5 
114.3 
122.5 
132.4 
130.5 
139.9 
144.4 
152.2 
157.4 
Percentile 
50th 
109.1 
114.2 
117.5 
119.2 
122.3 
137.5 
137.4 
142.8 
152.6 
157.6 
165.1 
75th 
110.2 
117.2 
122.2 
121.5 
127.1 
141.5 
140.1 
147.2 
157.2 
162.5 
167.2 
90th 
113.1 
122.2 
127.4 
122.2 
134.3 
145.4 
144.4 
152.4. 
160.7 
167.2 
171.4 
95"' 
114.3 
124.2 
128.8 
123.7 
137.1 
150.5 
145.4 
154.3 
162.4 
172.2 
171.1 
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Data on height of boys showed a gradual increase in height with increasing 
in age The mean height of boys ranges from 107 90 cm to 162 05 cm showing a 
total gain of 54 15 cm between 5 to 15 years On year wise analyses Table XII, it 
was observed that the mean height from 7 to 9 years ranges from 117 40 cm to 
124 67 cm with a gain of 7 27 cm The mean height of boys from 10 to 12 years 
ranges from 134 84 cm to 143 01 cm with a total gain of 8 17 cm Between 13 to 15 
years the height was 149 97 to 162 05 cm with total gain of 12 08 cm, which was 
found to be maximum in comparison with other age groups and was significantly 
high (P<0 05) Rath et al (1978) also observed the maximum gain from 11 year to 
15 years boys in comparison to other age groups The total gain in height though 
lower in comparison to NCHS, Agarwal (1992) and Rath et al (1978) studies, was 
found to be higher than ICMR standards (2000) and Bhasin (1990) studies 
Table - XII 
Mean (± SD) height in (cm) of 1218 boys on the basis of age with increment 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
]] 
Age in 
Years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
J21 
Mean 
-(Kgs) 
107 90 
111 90 
117 40 
11831 
124 67 
134 84 
136 83 
143 01 
149 97 
156 69 
162 05 
S.D 
5 18 
7 29 
9 15 
4 79 
6 68 
7 08 
7 59 
6 71 
8 68 
7 67 
851 
Increment 
Yearly 
4 
55 
0 91 
6 36 
10 17 
199 
6 18 
6 96 
6 72 
5 36 
Age grouj) 
wise 
"I J 
• ^ 
f - 7 27 J 
"^  
-J 
^ 8 17 
—^ 
^ 
^ 12 08 
) 
Total 
^ 
J 
^ 54 15 
The mean height of the boys and comparison of ICMR and NCHS standards 
between 5 and 15 years is depicted in Table XIII Results on height of boys 
indicated that boys of the present study were shorter than well to do boys of ICMR 
by 2 95 cm to 9 33 cm from 5 years to 15 years and were measuring 93 31 to 98 03 
120 
per cent The difference in height was minimum at age 15, the difference bemg 2 95 
cm and maximum at 9 years, the difference being 9 33 cm, which was found 
statistically significant at (p<0 01) level of probability On comparison of height of 
boys with NCHS standards, the difference increased with increase m age from 2 0 
cm to 3 95 cm except at age 8 and 9 years where the difference increased drastically 
up to 8 69 cm and 7 33 cm respectively The mimmum difference of 2 0 cm was 
noted at 5 years and maximum difference 8 69 was noted at the age of 8 years The 
boys mean height was measured about 93 15 cm to 98 01 per cent of NCHS 
standards The differences were highly sigmficant (p<0 01) at one per cent of 
probability except at age 10 years where it was found not significant in comparison 
to both ICMR and NCHS standards 
Table -XIII 
Comparison of mean (+ SD) of height (cm) of 1218 boys 
with ICMR and NCHS standards on the basis of age 
Age in 
Years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
Mean 
(cm) 
107 90** 
111 90** 
117 40** 
118 31** 
124 67** 
134 84NS 
136 83** 
143 01** 
149 97* 
156 69** 
162 05** 
S.D 
5 18 
7 29 
9 15 
4 79 
6 68 
7 08 
7 59 
6 71 
8 68 
7 67 
851 
ICMR 
(cm) 
113 5 
118 9 
123 3 
127 8 
133 6 
138 4 
143 3 
148 9 
154 9 
1617 
165 3 
Differ 
ence 
5 60 
7 00 
5 90 
7 69 
9 33 
3 66 
6 17 
5 89 
5 03 
531 
2 95 
%of 
ICMR 
STDS. 
94 64 
94 03 
95 44 
93 89 
93 31 
97 35 
95 68 
96 04 
96 75 
96 72 
98 03 
NCHS 
(cm) 
109 9 
116 1 
121 7 
127 0 
132 2 
137 5 
140 0 
147 0 
153 0 
160 0 
166 0 
Differ 
ence 
2 00 
4 20 
4 30 
8 69 
7 33 
3 16 
3 17 
3 99 
3 03 
331 
3 95 
% of 
NCHS 
STDS. 
98 09 
96 46 
96 22 
93 15 
94 44 
97 51 
97 73 
97 28 
98 01 
97 93 
97 62 
SD = Standard Deviation, * p<0 05, ** p<0 01 NS = not significant for 
differences in observed means and ICIVLR and NCHS standards value 
for respective age groups 
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In comparison to the study of Devi et al (1999) at Andhra Pradesh, the height 
of boys are equal at 11 years, higher at 6,7,10 and 12 years and are lower at 5,8,9 
years of age. 
When the results were compared with Khadi et al (2001), Northern Kamataka 
children, the height of the present study were equal at 8 years, less at 9 years and in 
rest of the age groups the heights were higher. On comparison with schoolchildren of 
high economic group from Delhi (Rath et al, 1978), the mean heights of the present 
study were lower by 4.35 cm to 12.26 cm in all the years. Results were also compared 
with findings of certain selected studies from Western, Asian and Indian studies 
regarding mean height of boys and are summarized in Table XIV. 
Comparison of height of boys with NCHS 50''' percentile, ICMR and Agarwal 
study of children from 5 to 15 year is depicted in fig. 5. 
180 
170 
160 
_ 150 w 
E 140 o 
r 130 
f 120 
^ 110 
100 
90 
80 
Fig. 5: Comparison of 50th percentiles of height of 
boys with other studies 
9 10 11 
Age fVears) 
12 13 14 15 
-•-- Present study 
-»~NCHS 
-*-ICMR 
-•-Agarwal 
On comparing the study 50 percentiles with NCHS percentiles, it was 
found that the 5,6,13,14 and 15 years falls between 25"^  and 50* where as the age 
groups of 7, 11 and 12 fails between 10*^  and 25* with 10 year exactly at 50* 
percentiles. 
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It was observed that for 8^ '' year it \vas exactly at 5"^  percentile and for 9 year it was 
below the 5"^  percentile of NCHS standards. 
Contrary to the findings for the weight of boys and girls the 50"' percentiles 
of height of boys of the present study for 9 and 12 years were found to be above the 
75' percentile of Agarwal study with 5,10,11 and 15 years between 50* and 75* 
percentiles. It was observed that while the 50* percentile of age group 7,8,13 and 14 
years fall between 25* and 50* percentiles, the 6-year age group falls between 10th 
and 25' percentiles of Agarwal study. On comparison with ICMR study height of 
boys falls below 10* percentiles except 5,6,13 and Myears, which falls between 10* 
and 25' percentiles with 15 year old falling between 50* to 75* percentiles. 
4.2.5 Height in Girls 
The mean height with standard deviation and percentile of 1364 girls from 5 
to 15 years were presented in Table XV. The height of the girls increased steadily; 
nevertheless the study showed that mean height of boys and girls was less than 
NCHS and ICMR standards at all ages. 
Table - XV 
Height (cm) mean, standard deviation and percentiles of 1364 
girls on the basis of age 
Age 
in 
Years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
Mean 
99.41 
109.43 
115.49 
120.0 
123.65 
126.81 
135.13 
142.43 
145.15 
149.75 
153.82 
SD 
4.34 
4.91 
5.45 
6.50 
8.32 
6.19 
6.72 
7.44 
5.04 
7.13 
6.55 
5"-
92.2, 
97.2 
106.5 
109.5 
111.1 
127.2 
129.1 
130.5 
132.1 
137.5 
137.7 
10'^  
.39.5 
102.2 
110.4 
111.3 
112.8 
130.2 
130.1 
133.3 
137.5 
140.1 
140.5 
Percentile 
25'" 
97.3 
107.2 
112,5 
116.4 
116.5 
133.6 
137.6 
137.2 
143.1 
145.2 
145.1 
50'" 
99.2 
106.1 
114.1 
122.1 
127.8 
138.2 
140.1 
144.8 
150.5 
151.6 
151.7 
75'" 
102.2 
112.2 
119.1 
124.5 
132.6 
144.6 
147.5 
150.1 
154.5 
154.5 
154.7 
90'" 
102.3 
114.2 
122.5 
127.6 
132.6 
149.9 
150.2 
154.8 
158.2 
160.4 
160.7 
95'" 
105.2 
114.6 
124.3 
132.5 
134.5 
152.1 
154.5 
160.6 
161.1 
162.2 
162.5 
124 
The height of girls in age group 5 to 15 years ranged from 99.41 cm to 
153.82 cm. The total increment was 54.41 cm. On year wise analyses Table XVI it 
was revealed that the mean height in the age group 7 to 9 years ranged from 115.49 
cm to 123.65 cm. The mean height in the age group of 10 to 12 years ranged from 
126.81.cm to 142.43 cm with an increment of 15.62 cm. In the age group 13 to 15, 
the mean height ranged from 145.15 cm to 153.83 cm showing an increment of 
8.67. The same trend was also observed by Bhave et al 2001. Surprisingly, contrary 
to weight observations total gain in height of girls were higher than the total height 
gain observed in other studies on anthropometric indices of height. (Agarwal et al. 
1992; Bhasin et al. 1990; Rath et al. 1978; ICMR 2000; NCHS 1987). 
Table - XVI 
Mean (± S.D) height (cm) of 1364 girls on the basis of age with Increment 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9 
10 
11 
Age in 
Years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No. 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
Mean 
(cm) 
99.41 
109.43 
115.49 
120.00 
123.65 
126.81 
135.13 
142.43 
145.15 
149.75 
153.83 
S.D 
4.34' 
4.94 
5.45 
6.50 
8.30 
6.19 
7.72 
7.44 
5.04 
7.31 
6.55 
Increment 
Yearly 
10.02 
6.06 
4.51 
3.65 
3.16 
8.32 
7.22 
2.72 
4.60 
4.07 
Age group 
wise 
\ 
J 10.02 
~s 
8.16 
J 
L 15.62 
J ^
 
L 8^ 67 
J 
Total 
^ 
J 
f 54.41 
SD = Standard Deviation 
The maximum gain in height year wise was noted in the age groups 5 to 6, 
10 to 11 and 11 to 12 years. On overall comparison for different age groups at the 
interval of 3 years, it was noted that the height gain was maximum in the age group 
of 10 to 12 years, the gain being 15.62 cm. 
125 
On comparing with ICMR and NCHS standards Table XVII girl's stature 
differed on the negative side of the ICMR. standards ranging from 2 18 to 12 79 cm 
and showed 88 61 to 96 61 per cent of ICMR standard statures With reference to 
NCHS standards the difference was between 5 11 cm to 11 49 cm and a general 
stature measurement of 91 70 to 96 23 per cent of NCHS standards The differences 
were statistically significant (P<0 01) In contrary to the findings of Khadi et al 
(2001) where they observed the differences between NCHS and the height of 
children and concluded that the height increased uniformly with increase in age, the 
present study revealed that the differences between NCHS and the height of girls 
were not increasing uniformly with increase in age 
Table - XVII 
Comparison of mean (± SD) height (cm) of 1364 girls 
with ICMR and NCHS standards on the basis of age 
Age in 
Years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No. 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
Mean 
(cm) 
99 4]^** 
109 43** 
115 49** 
120 00** 
123 65** 
126 81** 
135 13** 
142 43** 
145 15** 
149 75** 
153 82* 
S.D 
4 34 
491 
5 45 
6 50 
8 32 
6 19 
6 72 
7 44 
5 04 
731 
6 55 
ICMR 
(cm) 
1122 
117 7 
122 6 
127 2 
133 0 
138 9 
145 0 
150 9 
153 4 
155 9 
156 0 
Differ 
ence 
12 79 
8 57 
751 
7 00 
9 35 
12 19 
9 87 
8 57 
7 85 
5 25 
2 18 
% of 
ICMR 
STDS. 
88 61 
92 73 
93 89 
94 48 
92 96 
91 23 
93 19 
94 32 
94 86 
96 61 
98 64 
NCHS 
(cm) 
108 4 
1146 
120 6 
126 4 
132 2 
138 3 
142 0 
148 0 
155 0 
159 0 
161 0 
Differ 
cncc 
8 99 
5 17 
5 11 
6 40 
8 55 
11 49 
6 87 
5 57 
9 85 
9 25 
7 18 
% of 
NCHS 
STDS. 
91 70 
95 48 
95 76 
94 93 
93 53 
91 69 
95 16 
96 23 
93 64 
94 18 
95 54 
SD = Standard Deviation, * p<0 05, ** p<0 01 for differences in 
observed means and ICMR and NCHS standards value for respective age 
groups 
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On comparison with Devi et al (1999), the height of Aligarh girls were lower 
at all ages except at 7 year age where it was found to be higher and at 12 years 
where the height were similar. On comparison with Khadi et al (2001) the study 
observed a higher level at all ages except at 9 and 10 years, where the heights of 
girls were lower. Comparing result with Bhave et al (2001) the study showed the 
height of the girls was lower at all ages. The Rath et al (1978) study, recorded a 
lower total gain of 48.62 in comparison with the present study. The mean values 
were also consistently lower at all ages. Results of this study were also compared 
with findings of certain selected studies from Western, Asian and Indian studies 
regarding mean height of girls and are summarized in Table XVIII. 
The 50'^  percentile of height of Aligarh girls 5 to 15 years is depicted in fig 
7 and an analytical comparison of NCHS, ICMR and Agarwal children between 5 
and 15 years is also depicted (Fig. 6). 
Flg.6 Comparison of 50th percentile of height of girls 
with other studies 
-Present 
Study 
-NCHS. 
ICMR 
-Agarwai 
6 7 8 9 10 11 12 13 14 15 
Age (Years) 
The 50''' percentile of height of girls of present study fall below the 50* 
percentile of NCHS standards for all age groups. Comparing our 50* percentile with 
NCHS it was observed that only the age groups of 7 and 11 years falls between 25* 
to 50* percentile and 6 and 15 years between 5* to 10* percentile where as for 5 
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year age group, the percentile was below the 5"^  percentile of NCHS. The percentile 
of the rest of the age groups falls between 10* to 25"" percentiles of NCHS 
standards. 
Comparing the SO"' percentile of the present study with the Agarwal 
percentiles, as observed in case of boys the height of 10-year-old girls were found to 
be above the 50* percentiles. The girls in 6 and 9 years falls between 10* and 25* 
percentile with 5 years falling below the 5 percentiles and rest of the age groups 
falls between 25* and 50* percentiles of Agarwal study. On comparison with ICMR 
while 8,9,10 andllyears fall between 10* to 25* percentiles, 7 and 12 years girls 
fall between 5* and 10*with 5 and 6 years old below 5' percentiles. The rest of the 
age group 13, 14 and 15 years falls between 25* to 50* percentiles. 
On comparison between the mean height of boys and girls, the result 
indicated that boys have significantly higher height than girls except for the age 
groups 7, 8,9, 11 and 12 years. The maximum difference for the age group of 10 
years for boys was 3.16 cm and for girls it found to be 11.49 cm in comparison to 
NCHS standards. With regard to ICMR the age group 5 years for boys was 6.1 cm 
where as for girls it was 12.79 cm fo'r the same age group. 
The result revealed that boys measured about 93.15 per cent to 98.01 per 
cent of NCHS standards, where as girls measured about 91.7 per cent to 96.23 per 
cent. With regard to ICMR standards the boys measured about 97.31 per cent to 
98.21 per cent, where as girls measured about 88.61 per cent to 98.64 per cent, 
much lower than the boys. 
Adolescent spurt of growth appeared from the 9* year onwards in girls and 
from 10* year onward in boys. Maximum gain in height occurred between 10 to 12 
years in girls and between 13 to 15 years in boys. Between the age groups of 10 to 
12 years the gain in height for girls 15.62 cm was higher in comparison to boys who 
gain about 6.18 cm during the same age period. For the age group 13 to 15 years 
onwards the boys overtook the girls in height gain by 12.08 cm in comparison to 
8.67 cm gain in girls for the same age group. Girls overtook the male children from 
10 to 12 years because of earlier onset of growth spurt. The findings of the present 
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study were in accordance with that of Bhasin et al (1990) Rath et al (1978) and 
Pareira et al (1983). The comparison with ICMR data on Indian affluent growth 
reference showed that the children differed to a very high degree, but if we compare 
with other Indian studies the compared level of height and weight was found to 
differ at much lower degree. Thus necessitating the anthropologists and the 
nutritionists to evolve right methodologies to collect nation wide growth data at 
regular cycles to revise our references standards. 
4.2.6 Mid Arm Circumference in Boys 
The mid upper arm circumference of boys increased steadily with increase in 
age with a range of 0.2 cm to 1.3 cm per year as shown in Table XIX. 
Table-XIX 
Mean values of mid arm circumference of 1218 boys and 1364 girls (cm) 
Age (Years) 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Boys 
Mean 
15.5 
16.8 
17.0 
18.1 
18.6 
18.6 
20.2 
21.2 
22.1 
22.7 
23.6 
S.D 
1.70 
1.42 
1.38 
1.02 
1.46 
1.24 
1.63 
1.53 
1.42 
1.40 
1.75 
Girls 
Mean 
15.4 
16.5 
16.8 
17.1 
17.9 
18.6 
19.4 
20.3 
20.7 
21.5 
22.2 
S.D. 
1.54 
1.37 
1.06 
1.45 
1.08 
1.20 
1.20 
1.25 
1.01 
1.48 
1.33 
The mean mid arm circumference ranged from 15.5 cm to 23.57 cm from 5 
year to 15 years with a total increment of 8.07 cm (Table XX). The year wise 
analyses revealed that gain in boys was statistically significantly at five per cent 
level of probability during 5 to 6 years, as the maximum gain of 1.3 cm was 
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observed during this age followed by 1.1 cm and 1 cm increase during the age 7 to 8 
years and 12 to 13 years respectively. Rath et al (197,8) recorded the mid upper arm 
circumference of 16.66 cm at 5 years to 23.79 cm at 15 years with a total gain of 
7.11cm. 
Table - XX 
Mean (± S.D) mid arm circumference (cm) of 1218 boys on the basis 
of age with Increment 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9 
10 
11 
Age in 
Years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
Mean 
(cm) 
15.5 
16.8 
17.0 
18.1 
18.6 
18.8 
20.2 
21.17 
22.12 
22.70 
23.57 
S.D 
1.70 
1.42 
1.38 
1.02 
1.46 
1.24 
1.63 
1.53 
1.42 
1.40 
1.75 
Increment 
Yearly 
1.3 
0.2 
1.1 
0.5 
0.2 
0.4 
0.9 
1.0 
0.6 
0.8 
Age group 
wise 
"1 
_J 1.30 
~] 
y 1.60 
J 
-^ 
^ 2.37 
J 
^ 1.45 
J 
Total 
^ 
J 
f 8.07 
SD = Standard Deviation 
The gain in mid upper arm circumference 2.37 cm was significantly high 
during 10 to 12 years age group followed by the gain of 1.60 cm, 1.45 cm and 1.30 
cm increase for the age groups 7 to 9 years, 13 to 15 years and 5 to 6 years 
respectively. 
On comparison of the present study with the study of Bhave et al (2001) 
which observed the mid upper arm circumference of 15.2 cm at 5 years to 22.8 cm 
at 15 years with a total increment of 7.6 cm, the mid upper arm circumference of the 
present study were higher at all age groups. However on statistical analysis the 
result indicated that the differences were significant only at 7,9,10 and 15 years and 
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for the rest of the years the differences were not significant. The values of the present 
study were either comparable or slightly on the lower side of those published by Rao 
et al (1984). 
Results of the present study were also analysed and compared with findings of 
certain selected studies from Western, Asian and Indian studies regarding mean mid 
upper arm circumference of boys and are summarized in Table XXI. 
Comparison of mid arm circumference of boys with the NCHS, Agarwal 
(1992) and Lichton (1984) study from 5 years to 15 years is depicted in (Fig.7). On 
comparison with NCHS standards the values of present study are more or less similar 
till the age of 9 years then from 10 years onwards the NCHS values overtook and are 
greater. In contrast to this observation and in comparison to the study of Agarwal 
(1992) the mid arm circumference of boys of the present study were found to be 
marginally higher at ail ages, except at 6 year and ]3 years where it were similar. On 
statistical analysis the differences were found significant at one per cent level of 
probability for 7,8,9,11,12 and 15 years and for rest of the ages the differences were 
not significant. 
Fig. 7: Comparison of 50th percentile of midarm 
circumference of boys with other studies 
present study 
NCHS 
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On comparison of our data with the study of Lichton et al (1984) of Hawaii 
school children, the mid arm circumference of the boys were much lower than the 
Hawaii boys mean mid arm circumference and the differences were found to be 
significant at (p<0.01). The mean mid arm circumference of 5 year and 10 year boys 
falls below the 10* percentile, the age group of 6,7,9,11, 14 and 15 year falls 
between 10^  and 25* percentiles and the age groups of 8,12 and 13 years fall 
between 25* to 50* percentile of Hawaii male children. 
4.2.7 Mid Arm Circumference in Girls 
As illustrated in table XIX, trends in increase in mid-upper arm 
circumference of girls were similar to those observed for the other anthropometrical 
parameters. The mean mid-upper artn circumferences increased progressively (with 
more rapid yearly increase in the earlier years, which slowed down subsequently at 
a later age) from 15.4 cm at 5 year age to 22.2 cm at 15 years of age with total 
increase of 6.8 cm (Table XXII). The gain was significantly high during 5 to 6 
years. Peak rate of growth 1.1 cm was observed between 5 to 6 years followed by 
0.8 cm increase between 8 to 9 years, 10 to 11 years and then from 13 to 14 years 
of age which were significant at five per cent level of probability. 
The gain in mid-upper arm circumference in girls 1.7 cm was maximum 
during the age group 10 to 12 years followed by 1.5 cm for the age group 13 to 15 
years and 1.1 cm increase the growth rate being same for the age group 5 to 6 years 
and 7 to 9 years. The maximum gain 1.7 cm during the age group 10 to 12 years 
indicate the onset of growth spurt in girls. 
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Table - XXII 
Mean (± S.D) mid arm circumference of 1364 girls on the basis 
of age with increment 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9 
10 
11 
Age in 
Years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No. 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
Mean 
(cm) 
15.4 
16.5 
16.8 
17.1 
17.9 
18.6 
19.4 
20.3 
20.7 
21.5 
22.2 
, S.D 
1.54 
1.31 
1.06 
1.45 
1.08 
1.20 
1.20 
1.25 
1.01 
1.48 
1.33 
Yearly 
1.1 
0.3 
0.3 
0.8 
0.7 
0.8 
0.9 
0.4 
0.8 
0.7 
Increment 
Age group 
wise 
\ 
f ..1 
1 I ,., J 
1 " J 
->. 
_^  
1.5 
Total 
^ 
J 
f 6.8 
The results showed a similarity with the study of Bhave et al (2001), which 
observed the mid-upper arm circumference of 15.4 cm at 5 year of age to 22.4 cm at 
15 year of age in girls with a total increment of 7 cm. Banik et al (1973) observed 
that for girls the mid-upper arm circumference mean was more or less similar in 
most of the Indian studies. However the values of present study were consistently 
lower in comparison to Rath et al (1978) study whereas in comparison to Rao et al 
(1984) the values of present study were very high with a difference of 2 cm to 3.6 
cm through out the ages. Results of the present study were also compared with 
findings of certain selected studies from Western, Asian and Indian studies 
regarding mean mid upper arm circumference of girls and are summarized in Table 
XXIII. 
Comparison of mid-upper arm circumference of girls with NCHS, Agarwal 
et al (1992) and Lichton et al (1984) from 5 to 15 year is depicted in (Fig. 8). 
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Fig. 8: Comparison of 50th percentile of mid arm 
circumference of girls with other studies 
present study 
NCHS 
Agarwal 
Lichton 
5 6 7 8 9 10 11 12 13 14 15 
Age in Years 
In comparison to the study of Agarwal (1992) the mid arm circumference of 
the girls of present study are lower at all ages except at 9 years where it was similar. 
However on statistical analysis the differences were found significant at one per 
cent level of probability only for the ages 5,8,11,13,14 and 15 years. For rest of the 
age groups 6,7,9,10 and 12 years the differences were not significant. As compared 
to NCHS, the mid arm circumference of girls in the present study was found to be 
lower at all ages except at 5 years. The difference between the mean of present 
study and NCHS showed a trend of progressive increase in girls with age, thus 
suggesting that Indians are having poor muscle mass development during 
adolescent. 
The mid arm circumference of girls are comparable with those of Agarwal et 
al (1992) till the age 10 years, then from 11 years onwards the value of the present 
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study showed a trend of progressive increase with age and were greater than 
Agarwal study. 
On comparing the present study data with the study of Lichton et al (1984) 
of Hawaii school children, the mid arm circumference of the girls was much lower 
than the Hawaii girls 50"^  percentile. The age groups of 5,6,7, 9, 11 and 12-years fall 
between 10 to 25'^ percentile while the age group 5,6,and 14 fall at lO"^  percentile. 
th 
Rest of the age groups 8, 10 and 13 years falls below the 10 percentile of Hawaii 
girls. 
On statistical analysis of the differences in mid arm circumference of girls, 
with the mean mid-upper arm circumference of Hawaii children, the present study 
result shows statistically significant at (p<0.01) at all ages between 5 year to 15 
years. The result indicated that the gain in mid upper arm circumference in boys was 
similar to the gain in mid upper arm circumference in girls in early years. 
On comparison between the mean mid arm circumference of girls and boys 
of the present study, the results revealed that the boys had significantly higher mid 
arm circumference than the girls at age 8,9,11,12 14 and 15 years at (p<0.01%). For 
rest of the age groups 5,6,7 and 10 years the differences were not significant. This 
indicates that the rate of growth during the early years were more or less same for 
both boys and girls. 
4.2.8 Triceps Skin Fold in Boys 
The triceps skin fold of boys and girls are shown in Table XXIV. The result 
indicated a different trend for the triceps skin fold for boys. 
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Table-XXIV 
Mean values of skin fold at triceps of 1218 boys and 1364 girls (mm) 
Age (Years) 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Boys 
Mean 
7.2 
7.9 
8.7 
9.4 
10.8 
11.1 
10.4 
10.2 
10.3 
10.4 
10.5 
S.D 
1.16 
1.32 
1.89 
2.42 
1.71 
1.93 
2.19 
1.24 
1.10 
0.85 
0.92 
Girls 
Mean 
7.6 
8.4 
1.3 
9.8 
11.4 
10.2 
11.2 
11.9 
12.3 
12.8 
13.2 
S.D. 
1.52 
1.16 
1.05 
0.91 
1.02 
0.83 
0.86 
0.74 
0.79 
0.85 
0.74 
SD = Standard Deviation 
As seen in the other anthropometrical observations, the triceps skin fold did 
not show a steady increase through out the years for 5 to 15 years. Table XXV 
shows that the triceps skin fold ranged from 7.2 mm at 5 years to 10.5 mm at the 
age of 15 years showing a total gain of 3.3 mm through out observation period. 
However there was no clear yearly gain as observed earlier for all the 
anthropometrical indices, the triceps skin fold of the boys showed a drop followed 
by a slow rise, a trend described by Tanner, Agarwal and Kapoor in their studies. 
The result indicated that there was a steady increase up to the age of 10 from 7.2 
mm at 5 years to 11.1 mm at the age of 10 with a gain of about 3.9 mm. Then at the 
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beginning period of adolescent, from 11 years onward there was a dip of about 1 
mm to 0.7 mm bringing down the triceps skin fold to 10.4 mm to 10.2 mm followed 
by a slight increase of 10.5 mm at 15 years of age. Whether or not the decrease in 
the triceps skin fold in adolescent boys represent a true loss of arm fat or simply a 
thinning of the fat ring due to the expansion of underlying muscles is not clear and 
needs further in depth investigation. 
Table - XXV 
Mean (± S.D) triceps skin fold thickness of 1218 boys on the basis 
of age with increment 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9 
10 
11 
Age in 
Years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
Mean 
(mm) 
7.2 
7.9 
8.7 
9.4 
10.8 
11.1 
10.4 
10.2 
10.3 
10.4 ' 
10.5 
S.D 
1.16 
1.32 
1.89 
2.42 
1.71 
1.93 
2.19 
1.24 
1.10 
0.85 
0.95 
Yearly 
7 
8 
7 
1.4 
0.3 
-7 
-2 
1 
1 
1 
Increment 
Age group 
wise 
~L Jr 
1 
" J 
• ^ 
-J 
~ 
>- --6 
\ 
>• -3 
J 
Total 
• \ 
J 
f 3.3 
On comparison of triceps skin fold of boys of the present study with 
Kapoor (1991) and Raghavan (1974), it was observed that the boys mean triceps 
reported from the different parts of the country differ significantly. The triceps of 
the present study were much lower than the Kapoor study with a difference of 0.1 
mm to 3.4 mm through out the ages of 5 year to 15 years and have marginally 
higher triceps skin fold with Raghavan and Rao studies with a difference of 0.1 mm 
to 1.4 mm and 2.7 mm to 6.6 mm respectively through out the years. In comparison 
to Bhasin work, the values were more or less similar for 6 and 7 years, from 7 years 
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onwards the values of the present study were greater than the values of Bhasin 
study. 
Results of the present study were also compared with findings of certain 
selected studies from Western; Asian and Indian studies regarding mean triceps skin 
fold thickness of boys and are summarized in Table XXVI. 
The comparison of triceps skin fold thickness of boys of the present study 
with NCHS and Agarwal, and Lichton studies from 5 year to 15 years are depicted 
in (Fig. 9). 
Fig. 9: Comparison of 50th percentile of TSFT 
of boys with other studies 
15 
13 
1^ ^ 
^ Q 
Present Study 
NCHS 
Agarwal 
Lichton 
5 6 7 8 9 10 11 12 13 14 15 
Age (Years) 
On comparison with Agarwal study, the triceps skin fold of boys showed a 
higher triceps values with a difference of 1.7 to 2.1 mm through out the study years. 
Lichton study when compared, the results indicated that for the years 7,8 
and 15 years, interestingly, the triceps of skin fold thickness of the boys of the 
present study were higher than the Hawaii male children by about 0.3 mm to 1.00 
mm. For rest of the age groups the triceps skin folds thickness was found to be 
lower. 
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On comparison with the 50 percentile of Hawaii children, the mean triceps 
skin fold of 5 years and 15 years fall at 25* percentile of Hawaii children The mean 
triceps skin fold of 10 year old group falls between 10* to 25* percentile and the 
rest of the age groups triceps skin folds falls between 25* to 50* percentile 
4.2.9 Triceps Skin Fold in Girls 
The girls showed a tendency (Table XXIV) for the mean of their skm folds 
to increase steadily from one year to the next year as has been reported earlier 
(Tanner, 1976) indicating a steady accumulation of subcutaneous fat through out 
adolescent 
The triceps skm fold thickness (m mm) ranged from 7 6 mm at the age of 5 
years to 13 2 mm at the age of 15 years showing a total increment of 5 6 mm (Table 
XXVII) The yearly increase ranged from 0 4 to 16 mm during 5 to 15 years A 
significantly higher gam was observed at the age of 9 years with an increase of 1 6 
mm from 8 years to 9 years On comparison between the different age groups, the 
maximum increase of 2 1 mm was noted during the age group of 7 to 9 years 
followed by a gain of 1 6 mm for the age group of 10 to 12 years, 0 9 mm for the 
age group 13 to 15 years and 0 8 mm increase for the age groups 5 and 6 years The 
increase was statistically significant (p<0 05%) for all the age groups The triceps 
mean for the girls m the present study was lower as compared to those reported by 
Buckler (1990) m British children Hawaii children also showed higher mean for 
triceps as compared to the present study 
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Table - XXVII 
Mean (± S.D) Triceps skin fold thickness of 1364 girls on the 
basis of age with increment 
S.No. 
1. 
2. 
3. 
4 . • 
5. 
6. 
7. 
8. 
9 
10 
11 
Age in 
Years 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
No. 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
Mean 
(mm) 
7.6 
8.4 
9.3 
9,8 
11.4 
10.2 
11.2 
11.9 
12.3 
12.8 
13.2 
S.D 
1.52 
1.16 
1.05 
0.91 
1.02 
0.83 
,0.86 
0.74 
0.79 
0.85 
0.74 
Yearly 
0.8 
0.9 
0.5 
1.6 
-1.2 
1.0 
0.7 
0.4 
0.5 
0.4 
Increment 
Age group 
wise 
\ 
J 0.8 
-V 
I 2.1 
-^  
' 
1.7 
- , 
^ 0.9 
J 
Total 
^ 
J 
( 5.6 
On comparison of triceps skin fold of girls with Raghavan et al (1974) and 
Kapoor et al (1991) studies, The present study found that the values were much 
lower than the Kapoor study with a difference of 3.4 mm to 5.2 mm through out the 
years. The mean triceps in Indian upper socio economic children reported from 
different parts of the country differ significantly. In comparison to Bhasin et al 
(1990) the mean triceps of present study was much lower at all ages, where as with 
respect to Rao et al (1984) data the values of the mean triceps of the present study 
were much higher and are more or less similar with marginal difference of 0.1 to 0.9 
mm throughout the years in comparison to the Raghavan (1974) study. Results of 
the present study were also compared with findings of certain selected studies from 
Western, Asian and Indian researches that have dealt with mean triceps skin fold 
thickness of girls and are summarized in Table XXVIII. 
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The comparison of triceps skin fold thickness of girls of the present study 
with NCHS, Agarwal (1992) and Lichton (1984) studies from 5 to 15 years are 
depicted in (Fig. 10). 
E 
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w 
I -
17 
15 
13 
11 
Fig. 10: Comparison of 50th percentile of 
TSFT of girls with other studies 
5 6 7 8 9 10 11 12 13 14 15 
Age (Years) 
Present Study 
NCHS 
Agarwal 
Lichton 
In comparison to Agarwal study the triceps of the girls of the present study 
were higher up to 9 years and from 10 years onwards, data of triceps of girls 
overtook the mean triceps of present study. 
On comparison with Lichton (1984) the triceps skin folds of the girls of the 
present study were significantly lower at all ages. On comparing with the percentile 
of the Lichton study, the results of the present study indicated that the triceps skin 
fold of 5 years and 15 years fall exactly at 25* percentile of Hawaii female children, 
10 years fall between 10'^  and 25* percentile and rest of the age groups fall between 
the 25* and 50* percentile. 
The triceps skin fold thickness of girls showed a clearly seen drop off of 
values during the age group 9 to 11 years, a trend similar to the study of Agarwal 
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(1992), Kapoor (1991) and Lichton (1984) which indicate the onset of adolescence 
in girls. 
On comparison between the triceps skin folds thickness of boys and girls, as 
expected girls showed significantly greater values than those of boys for all ages 
except at age group 10 years, where the triceps skin fold of girls were marginally 
lower than boys due to the onset of pre-adolescent period which occurred earlier in 
girls than boys. 
It was surprising that triceps skin fold values showed vast differences in the 
different Indian studies done so far. As in Kapoor study the values were higher than 
the NCHS standards and in Raghavan (1974) study the same was found to be very 
low in comparison with the NCHS standards. These vast differences in studies 
highlights the urgent need for local Indian standards to be established and for the 
pooling of data of different ethnic groups so that comparison are more lucid. 
However on overall comparison, the triceps skin fold thickness of the present study 
were found to be lower than all the studies for both girls and boys. A possible 
explanation could be the different socio-economic conditions and dietary 
constraints, which affects the normal growth and development and hinders genetic 
potentials. 
Several points emerged from the data analyses, first, as expected triceps skin 
folds of girls were significantly greater than those for boys at all ages. Second, there 
was an initial steady, slow increase of skin fold thickness with age for both boys and 
girls. Third, there was a small but clearly seen drop-off of values at the onset of 
adolescence. This commonly occurred between 12 and 13 years for boys and 
between 10 and 11 years for girls. This drop-off effect was not seen in Agarwal 
study and was obscured in Kapoor study of healthy adolescent school children. 
The above data analysis make it crystal clear and support the view that the 
growth and development of children will be lagging behind in comparison to ICMR 
and NCHS standards, thus explicitly confirming the first hypothesis of the present 
study. 
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4.3 Underweight, Stunting and Wasting 
The second hypothesis of the present study, the prevalence of undernutrition 
will be more in girls than boys with a high prevalence of under weight (weight for 
age) than stunting (height for age) and wasting (weight for height) is examined in 
the following paragraphs with the objective to evaluate age and sex wise prevalence 
of under weight, stunting and wasting among school children of Aligarh. 
The hypothesis is tested by using body measurements like weight and height 
for corresponding age with statistical analysis on the statistical package for social 
science. There are several ways of combining weight and height data to construct 
indices of fatness (obesity) or thinness (under nutrition). The growth status of the 
children was assessed by expressing their weight and height as per ICMR and 
NCHS standards and categorizing them into various grades of nutrition status 
according to Gomez classification. Low weight for age indicates levels of 
underweight and helps in instant monitoring of growth of children, where as height 
for age indices reflects long term nutritional status. Inadequate height for age 
indicates a chronic condition 'stunting'. The third indices weight for height reflects 
'wasting' an indicator of current nutritional state. Such combination of indices could 
be used to assess whether the child is fatter or thirmer than is usual for a child of that 
sex, age and background. These were calculated separately for boys and girls for 
each year of age as the reference standards vary by age and sex. For assessing the 
nutritional status of Aligarh children one of the most useful method Gomez 
classification was adopted along with equally famous Waterlow's classification. 
The children were grouped into different grades of nutrition status by both 
Gomez's and Waterlow's classifications (Annexure - V). Children were assigned to 
normal, grade I, grade II and grade III group of malnutrition using Gomez's 
classification and normal, mild, moderate and severe stunted and wasted using 
Waterlow's classification. In the present study children were considered to be 
normal if they were more than 90 per cent of normal standard, suffering from grade 
I malnutrition (mild) if they show 75-89 per cent of the normal standard and grade II 
malnutrition (moderate) if they show 60-74 per cent and grade III malnutrition 
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(severe) if they were below 60 per cent of normal standard after calculations. Using 
height for age as the indicator, children were classified as being normal if they are at 
95 per cent or above, mildly stunted (87.5-95 per cent) moderately stunted (80-87.5 
per cent) and severely stunted (below 80 per cent) of standards. For weight for 
height as indicator, children were classified as normal, if they were more than 90 
per cent of the standards, mildly wasted (80-90 per cent) moderately wasted (70-80 
per cent) and severely wasted (below 70 per cent) of standards. 
In the present study for assessing the nutritional status for each age by sex, 
the weight and height measurements were converted into weight for age 
(undernutrition), height for age (stunting) and weight for height (wasting) for each 
child using ICMR and NCHS standards. These were calculated separately for each 
boy and girl for each year of age as the reference standard norms vary by age and 
sex. In areas where the distribution of children weight and height were substantially 
below those of National Center for Health Statistics (NCHS/USAAVHO) reference 
data, WHO has advised that locally defined cut ofifs should be used (WHO, 1995). 
Therefore, results were presented both according to ICMR and NCHS standards. 
4.3.1 Weight for Age 
Weight for age is the key anthropometrics measurement in the assessment of 
nutritional status. It has got greater practical implication in assessing the problem of 
protein energy malnutrition. The nutritional grades of 1218 schoolboys according to 
Indian Council of Medical Research standards are shown in Table XXTX The sum 
total of grade I, grade II and grade III provided the total prevalence. 
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Table - XXIX 
Nutritional grade of 1218 boys by ICMR standards for weight for age 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
1218 
Normal 
No. 
31 
17 
04 
20 
10 
11 
9 
18 
23 
32 
51 
226 
% 
31 
17 
4 
20 
10 
9.24 
7.43 
15.1 
19.0 
27.4 
42.1 
18.6 
Grade I 
No. 
55 
47 
56 
50 
55 
45 
57 
42 
45 
52 
49 
553 
% 
55 
47 
56 
50 
55 
37.8 
47.1 
35.3 
37.2 
44.4 
40.5 
45.4 
Nutritional Status 
Grade II 
No. 
14 
36 
40 
30 
35 
62 
41 
49 
45 
32 
16 
400 
% 
14 
36 
40 
30 
35 
52.1 
33.9 
41.2 
37.2 
27.4 
13.2 
32.8 
Grade III 
No. 
-
-
-
-
-
1 
14 
10 
8 
I 
5 
39 
% 
-
-
-
-
-
0.84 
11.6 
8.4 
6.61 
0.85 
4.13 
3.2 
Total 
prevalence 
No. 
69 
83 
96 
80 
90 
108 
112 
101 
98 
85 
70 
992 
% 
69 
83 
96 
80 
90 
89.91 
92.5 
84.9 
80.9 
72.6 
57.9 
81.4 
The percentage of boys showing normal weight for age after statistical 
analysis was found to be 18.6 per cent .Out of 1218 boys the over all prevalence 
from 5 years to 15 years was observed to be 45.4 per cent in grade I under 
nutritional status, 32.8 per cent in grade II nutritional status with the remaining 3.2 
per cent in grade III stage of nutritional status, with 81.4 per cent total overall 
Prevalence. 
When the grade I nutritional status was analyzed the result revealed that the 
highest prevalence 56 per cent of grade I was observed in 7 year old boys followed 
by 55 per cent for 5 years and 9 years with an overall range of minimum prevalence 
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of 35.3 percent for 12 years to maximum prevalence of 56 per cent in 7 years. The 
differences were found to be statistically significant at j ^ =9.17, df=l, P<0.01. 
With respect to grade II nutritional status, the maximum 52.1 per cent was 
observed in 10 years followed by 41.2 per cent for 12 years with an overall 
minimum prevalence of 13.2 per cent for 15 years. 
For grade III category the maximum prevalence 11.6 per cent was observed 
in 11 years followed by 8.4 per cent for 12 years with an overall range of minimum 
0.84 per cent for 10 year old. There were no children in grade III for 5, 6, 7, and 8 
years. When grade I, II and III were considered together, the prevalence ranged 
from a minimum 57.9 per cent in 15 years to a maximum of 96 per cent for age 7 
year old. 
The overall observation revealed that in boys the normal nutritional status 
was 18.6 per cent with 81.4 per cerit undernourished children in the category of all 
three grades. 
The nutritional grades of 1364 girls according to Indian Council of Medical 
Research standards are presented in Table XXX. Out of 1364 girls subject 15.7 per 
cent were found to be in the normal grade with 44.9 per cent in grade I nutritional 
status, 33.7 per cent in grade II nutritional status and the remaining 5.7 per cent fall 
in grade III. The prevalence of under nutrition in girls ranged from a minimum of 
54.8 per cent for 15 years girls to 96.7 per cent for 7 year old with an overall 
average prevalence of 84.3 per cent under nourished girls from 5 years to 15 years. 
The statistical analysis showed that the highest prevalence 60.3 per cent was 
observed in grade I category in girl^ subject of 5 year old followed by 57.5 per cent 
and 56 per cent for 8 years and 6 years respectively. However on analysis, the 
association between the normal and grade I prevalence of undernutrition was found 
to be significant only for 5 years (x^ = 4.17, df = 1, p<0.1) where as for 8 years and 
6 years the prevalence though high was not significant (x = 1.12, df=1, p>0.05; x 
= 0.32,df=l,p>0.05). 
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Table-XXX 
Nutritional grade of 1364 girls by ICMR standards for weight for age 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
No. 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
1364 
Normal 
No. 
20 
19 
4 
16 
9 
6 
5 
6 
18 
57 
54 
214 
% 
15.3 
15.2 
3.3 
13.3 
7.43 
4.83 
4.13 
4.95 
13.8 
45.2 
45.2 
15.7 
Nutritional Status 
Grade 1 
No. 
79 
70 
60 
69 
63 
36 
55 
13 
70 
50 
47 
612 
% 
60.3 
56 
49.6 
57.5 
52.1 
29.0 
, 45.5 
10.7 
53.8 
39.7 
37.9 
44.9 
Grade II 
No. 
32 
32 
57 
35 
46 
73 
37 
72 
34 
19 
23 
460 
% 
24.42 
25.6 
47.1 
29.2 
38.0 
58.9 
30.6 
59.5 
26.2 
15.1 
18.5 
33.7 
Grade III 
No. 
-
04 
0 
0 
3 
9 
24 
30 
8 
0 
0 
78 
% 
-
3.2 
0 
0 
2.5 
7.3 
19.8 
24.8 
6.2 
0 
0 
5.7 
Total 
Prevale 
nee 
No. 
HI 
106 
117 
104 
112 
118 
116 
115 
112 
69 
70 
1150 
% 
84.7 
84.8 
96.7 
86.7 
91.7 
95.2 
95.8 
95.0 
86.2 
54.8 
54.8 
84.3 
When grade II malnourished children were considered the highest 
prevalence 59.5 per cent were observed in 12 years followed by 58.87 per cent for 
10 years with an overall range of minimum prevalence of 15.1 per cent in 14 years 
to the highest prevalence of 59.5 percent in 12 year girls. 
For grade III, the highest prevalence 24.8 per cent was noted in 12 years 
followed by 19.8 per cent for 11 years. There were no children in grade III for 5,7, 
8, 14 and 15 year old girls. When grade I, II and III undernourished children were 
clubbed together the prevalence of overall undernourished children ranged from 
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minimum 54.8 per cent in 14 and 15 years only to 96.7 per cent for 7 year old girl 
subjects. The differences in the prevalence of undernourished children in 7 years 
and 15 years was found to be statistically highly significant at y^ =46.2,df=l, 
P<0.01. Comparision of overall prevalence of malnutrition among boys and girls are 
depicted in fig. 11. 
Fig. 11 :Percent prevalence of underweight in 
boys and girls age wise 
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The overall prevalence of underweight for both boys and girls was 82.9 per 
cent The finding confirms the observation m^ ade in other areas of the country. 
(Gopalan, 1988; Ingale 1995; Sujatha, 1997; Agarwal et al, 1999; Devi et al, 1999; 
Das et al, 1998; Yadav, 1999; Rita, 2001; Anand, 1999). This observation is also 
comparable with observation reported by Indian Nutrition Profile (Das, 1998) which 
recorded 90 6 per cent prevalence in Haryana school age children. But are slightly 
higher than the reported over all prevalence of undernourished children of 79 per 
cent in Delhi and 72 per cent in Chandigarh. The prevalence of mild and moderate 
form of malnutrition was also more or less same, but the prevalence of severe form 
was found to be on the lower side with 4.5 per cent in the present study and 12 per 
cent for Haryana school children. According to the same report the prevalence rate 
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of severely undernourished children of 8 per cent in Delhi was also higher, but the 
prevalence of 4 per cent in Chandigarh compares well with the finding of the 
present Aligarh study. 
The prevalence of children having weight for age less than 60 per cent of the 
standard was comparable with that observed by Ingale at Nagpur in 1995 and 
Sujatha at Vishakapatnam in 1997. However severe grade was found to be on the 
lower side of the other reported studies by Gopalan (1988) Ingale (1985) and 
Sujatha (1997). 
A more or less same percentage of prevalence of underweight in boys and 
girls was also reported by ACC/SCN ( Dolan, 2000) from developing countries 
ranging from 34-62 per cent of underweight. 
The age wise analysis revealed that for both boys and girls, a higher rate of 
prevalence of undernourished children were observed for the younger age groups up 
to 12 years of age and from 13 years onwards a comparatively lower prevalence was 
observed. The statistical analysis showed a significant relationship between normal 
and undernourished children up to 12 years except for 8 years, where as from 13 
year onwards the association was not significant. The overall prevalence of 
malnutrition was highest 96.5 per cent in 7 years {% =36.2,df = 1, p<0.01) followed 
by 94.21 per cent for 11 years (x^=21.6,df=l,P<0.01) with 91.4 and 90.00 per cent 
for 9 years and 12 years. The differences were statistically significant (x^ =28.4, df 
=10, P<0.01). Overall prevalence of malnutrition both boys and girls combined are 
shown in Fig. 12. 
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Fig. 12:Prevalence of overall underweight in 
boys and girls 
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These findings were similar to the finding of Agarwal (1999) that 
undernutrition was common at younger age groups than older age groups. The 
observation is also comparable with the observations reported by Anand et al (1999) 
showing a declining trend from 56 per cent prevalence at 12 years to 25 per cent at 
15 years. The prevalence of underweight dropped sharply at 14 years of age. This 
may be due to the pubertal growth that occurs at this age. 
The higher rate of prevalence from 5 to 12 years (early and mid school 
period) may possibly be due to either reduced attention from mothers as it diverted 
towards new bom or younger children in the family, or by the pressure of school life 
affecting health and nutrition, but at the same time the hereditary and environmental 
factors that affects the growth spurt in both sexes should also be kept in mind. 
Nevertheless this phenomenon needs further in depth investigation. 
Moreover it was also observed that the association of prevalence between 
the highest 96.3 per cent in 7 years and the lowest 57.1 per cent in 15 years were 
also statistically significant (x^= 99.7, df=l, p<0.01). The signification confirms the 
hypothesis that the prevalence of malnutrition will be high in younger than older 
children (fig. 13). 
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Fig. 13: Comparison of overall nutritional 
status among 7 and 15 year old children 
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On comparison between girls and boys the overall prevalence of under 
nutrition showed that more girls than boys were found to be experiencing different 
forms of malnutrition. The percentage of boys showing normal weight for age were 
higher than girls 18.6 per cent for boys and 15.7 per cent for girls. The highest 
percentage of grade 1 was observed to be more in girls 60.3 per cent in 5-year girls 
in comparison to 56 per cent in 7-year-old boys when grade II was considered again 
the prevalence was found to be highest in girls 59.5 per cent for 12 years, where as 
for boys it was 52.1 per cent for 10 years. Even for grade III, again the girls in 12 
year scores the highest 24.79 per cent against boys for whom the highest was 11,57 
for 11 years. On comparison of overall prevalence of undernutrition between boys 
and girls, agam the girls showed a high prevalence of 84.33 per cent with respect to 
81.4 per cent for boys (Fig. 14). Thus confirming the second part of the hypothesis 
that prevalence will be more in girls than boys. 
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Fig.14: Comparison of overall nutritional status 
among boys and girls 
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In order to ascertain the association of malnutrition between girls and boys 
•J -^ 
X" test was applied. The differences were marginally not significant statistically (x 
= 3.53, df = 1, P> -0.05) but the severe grade of malnutrition was observed to be 
about two time higher (twice) in girls 5.71 per cent than that of boys 3.2 per cent 
and this difference was statistically significant (x^ = 7.53 df = 1, P<0.05) (Fig. 15). 
Fig. 15: Overall and sever sexwise distribution of 
malnutrition 
I 
a. 
90 
80 
70 
60 
40 
30 
20 
10 
0 
I Overall 
I Severe 
Boys Girls 
Sex 
157 
The prevalence of underweight in the present study was higher 
among the girls than boys. The scientific report of Nutrition Foundation of India 
(Gopalan, 1988) had also reported comparable findings on prevalence of 
underweight between boys and girls showing that the prevalence was more in girls 
than boys. The higher prevalence in,girls than boys may be attributed to the fact-that 
the child rearing practices for male children is more careful than female children in 
our society. The preferential treatment and feeding of male children over female has 
been commonly observed in India. Das (1998) and Sujatha (1997) could not observe 
any significant differences in prevalence of under weight between boys and girls in 
the studies of Haryana and Vishakapatnum children. However, Ingale (1985) 
observed a different trend with high prevalence among boys than girls. Zalilah 
(2000) also observed that more boys than girls were found to be experiencing 
different forms of malnutrition. 
The nutritional grades of 1218 boys according to NCHS standards are 
presented in Table XXXI. As in case of ICMR the percentage of boys showing 
normal weight for age 26.02 were higher than girls with 51.3 per cent in grade 1, 
21.9 per cent in grade II and 0.82 per cent in grade III category of nutritional status. 
The statistical analyses showed that the highest prevalence of 73 per cent in 
grade 1 nutritional status was found in 7-year-old boys followed by 70 per cent for 8 
years and 64 per cent for 6 year old boys. 
With respect to grade II nutritional status, the maximum 37.2 per 
cent was observed in 13 years followed by 36.1 per cent in 10 years and 33.6 per 
cent in 12 years with a minimum prevalence of 9 per cent for 6 years. 
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Table-XXXI 
Nutritional grade of 1218 boys by NCHS standards for weight for age 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
1218 
Normal 
No. 
50 
27 
10 
20 
20 
24 
37 
20 
26 
34 
49 
317 
% 
50 
27 
10 
20 
20 
20.2 
30.5 
16.8 
21.5 
29.1 
40.5 
26.02 
Nutritional Status 
Grade I 
No. 
40 
64 
73 
70 
55 
52 
60 
56 
50 
52 
52 
624 
% 
40 
64 
73 
70 
55 
43.7 
49.4 
47.1 
41.32 
44.44 
42.97 
51.3 
Grade n 
No. 
10 
9 
17 
10 
25 
42 
23 
40 
45 
30 
15 
267 
% 
10 
9 
17 
10 
25 
36.1 
19.0 
33.6 
37.2 
25.6 
12.4 
21.9 
> 
Grade ffl 
No. 
0 
0 
0 
0 
0 
0 
1 
3 
0 
1 
5 
10 
% 
0 
0 
0 
0 
0 
0 
0.9 
2.5 
0 
0.9 
4.1 
0.82 
Total 
prevalence 
No. 
50 
73 
90 
80 
80 
95 
84 
99 
95 
83 
72 
901 
% 
50 
73 
90 
80 
80 
79.8 
69.5 
84.2 
78.5 
70.9 
59.5 
73.9 
For grade HI category the maximum prevalence 4.1 per cent was observed in 
15 years followed by 2.5 for 12 years with a minimum of 9 per cent for 11 years. 
The prevalence was found only in 11, 12, 14 and 15 years and for rest of the years 
there were no children in this category. 
The overall observation revealed that 26.02 per cent of boys are in normal 
nutritional status with nearly 74 per cent undernourished children in all the three 
grades. 
The nutritional grades of 1364 girls according to NCHS standards are shown 
in Table XXXII. The analysis revealed that 22.8 per cent were in normal grade for 
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weight for age with 45.8 per cent in grade I nutritional status, 28.5 per cent in grade 
II and the remaining 3.15 per cent falls in grade III nutritional status. The 
prevalence of under nutrition in girls ranged from a minimum of 54.8 per cent for 
14 years old girls to 90.3 per cent for 10 years with an overall average prevalence of 
77.2 per cent under nourished girls from 5 years to 15 years. 
Table - XXXII 
Nutritional grade of 1364 girls by NCHS standards for weight for age 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
No. 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
1364 
Normal 
No. 
37 
56 
44 
15 
18 
12 
15 
13 
18 
57 
26 
311 
% 
28.2 
44.8 
36.4 
12.5 
14.9 
9.7 
12.4 
10.7 
13.8 
45.2 
21.0 
22.8 
Nutritional Status 
Grade I 
No. 
86 
54 
50 
85 
67 
39 
60 
42 
31 
50 
62 
626 
% 
65.6 
43.2 
41.3 
70.8 
55.4 
31.5 
49.6 
34.7 
23.84 
39.68 
50 
45.8 
Grade II 
No. 
8 
11 
27 
20 
33 
67 
40 
48 
75 
19 
36 
384 
% 
6.10 
8.8 
22.3 
16.7 
22.8 
54.1 
33.1 
39.7 
57.7 
15.1 
29.1 
28.5 
Grade III 
No. 
0 
4 
0 
0 
3 
6 
6 
18 
6 
0 
0 
43 
% 
0 
3.2 
0 
0 
2.5 
4.8 
5.0 
14.9 
4.6 
0 
0 
3.15 
Total 
prevalence 
No. 
94 
69 
77 
105 
103 
112 
106 
108 
112 
69 
98 
1053 
% 
71.8 
55.2 
63.6 
87.5 
85.1 
90.3 
87.6 
89.3 
86.2 
54.8 
79 
77.2 
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The result revealed that the highest prevalence 70.81 per cent for grade I was 
observed in the age group of 8 years, followed by 65.66 per cent for 5 years and 
55.4 per cent for 9 year old girls with the lowest prevailing 23.84 for 13 year old 
girls. 
On analysis, the association between the normal and the highest prevalence 
in grade I category of undernutrition was found to be significant (x^=13.89, df=l, 
P<0.01) 
In case of grade II malnutrition the highest prevalence 57.7 per cent was 
observed in 13 year old girls followed by 54.1 per cent for 10 years and 39.7 per 
cent for 12 years with a minimum 6.1 per cent in 5 year old girls. 
For grade III the highest prevalence of 14.9 per cent was observed in 12 
years followed by 5 per cent for 11 years and 4.8 per cent for 10 years with a 
minimum prevalence of 2.5 for 9 year children. There were no children in grade III 
for 5, 7, 8, 14, and 15 year old girls. When grade I, II and III undernourished girls 
were clubbed together, the prevalence ranged from minimum 54.8 per cent for 14 
years to a maximum prevalence of 90.3 per cent in 10 year old girls. 
On comparison between boys and girls the percentage of boys showing 
normal weight for age were higher 26.02 per cent than the girls 22.80 per cent. The 
proportion of boys in grade I malnutrition was higher 51.53 per cent than that of 
girls 45.89 per cent but differences were statistically not significant (p>0.05). 
Prevalence of grade II and grade III malnutrition was higher in girls 28.15 per cent 
and 3.15 per cent than boys percentage being 21.92 and 0.82 per cent respectively 
and the differences were found to be statistically highly significant (x = 23.78, df == 
1,P<0.01). 
The results for the nutritional grades of 2582 children (both boys and girls) 
according to NCHS standard revealed that 24.22 per cent children fall in the normal 
grade and 48.55 per cent, 25.21 per cent and 2.05 per cent were distributed in grade 
1, II and grade III forms of malnutrition respectively (the above figure were 
determined by combining the results given in Table XXXI and XXXII). 
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The prevalence of malnutrition was found to be highest 86.25 per cent in the 
age group of 12 years {t= 14.57, df = 1, P<0.01) followed by 84.09 in 8 years 
(P<0.05) and 83.39 per cent in 10 years (P<0.01). the overall difference among the 
different age groups was statistically significant (x^= 26.9, df = 10, P<0.01). 
The comparison of nutritional grades by these two standards are shown in 
Fig. 16. According to ICMR standards only 17.04 per cent children were in normal 
grade, while 24.32 per cent were in normal grade by NCHS standards. By ICMR 
standards 45.1 per cent children were in grade I, 33.3 per cent in grade II, and 4.53 
per cent were in grade III, where as figures for similar grades by NCHS are 48.4 per 
cent, 25.21 per cent and 2.05 per cent respectively. These differences were 
statistically significant (jc' = 89.08, df=3, P< 0.01). 
Indian Council of Medical Research standards are little higher than National 
Center for Health Statistics. Less number of children were in normal grades by 
ICMR than by NCHS standards. 
Comparison of these two different standards are shown below in Fig. 16. 
Fig. 16: Distribution of malnutrition according to ICMR 
and NCHS standards 
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4.3.2 Height for Age 
The second anthropometric measurements most frequently used is height for 
age. The prevalence of stunting (low heights for age) as per the ICMR references for 
boys are shown in Table XXXIII. It was observed that out of 1218 boys, 56 per cent 
fall within normal range of height for age with 36.8 per cent in grade I, 6.7 per cent 
in grade II of stunting. Only 0.41 per cent of stunting was found in grade III 
category. The prevalence of stunting ranged from a minimum of 18.2 per cent for 15 
years to 80 per cent for 9 year old boys with an overall prevalence of 44 per cent 
stunted boys from 5 years to 15 years. 
Table - XXXIII 
Nutritional grade of 1218 boys by ICMR standards for height for age 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
1218 
Normal 
No. 
55 
51 
52 
25 
15 
98 
61 
70 
77 
74 
99 
682 
% 
55 
51 
52 
25 
15 
82.4 
50.4 
58.8 
63.6 
63.2 
81.8 
56 
Nutritional Status 
Grade I 
No. 
40 
30 
38 
65 
75 
18 
49 
44 
38 
41 
16 
449 
% 
40 
30 
38 
65 
75 
15.1 
40.5 
37.9 
31.4 
35.1 
13.2 
36.86 
Grade II 
No. 
5 
14 
10 
10 
10 
3 
11 
5 
6 
2 
6 
82 
% 
5 
14 
10 
10 
10 
2.52 
9.90 
4.2 
4.95 
1.7 
4.95 
6.73 
Grade III 
No. 
-
5 
-
-
-
-
-
-
-
-
-
5 
% 
-
5 
-
-
-
-
-
-
-
-
-
0.41 
Total 
prevalence 
No. 
45 
49 
48 
75 
85 
21 
60 
49 
44 
43 
22 
536 
% 
45 
49 
48 
75 
85 
17.6 
49.6 
41.2 
36.4 
36.8 
18.2 
44 
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The prevalence of stunting for boys in grade I showed that the highest 75 per 
cent were found in 9 years followed by 65 per cent for 8 years and 40 per cent for 5 
years with a minimum prevalence of 13.2 per cent for 15 year old boys. The 
prevalence for stunting was found to be low for grade II, with only 14 per cent of 6 
year boys showing the highest prevalence, followed by 10 per cent for 7 year with a 
minimum prevalence of 1.7 per cent for 14 year old boys. A very low prevalence of 
stunting in grade III was found with only 6 year boys with 5 per cent prevalence in 
this category. 
The analysis revealed that in case of girls, (Table XXXIV) out of 1364 
subjects of 5 year to 15 years, 36.2 per cent were found in the normal grade, with 
50.14 per cent in grade I-category of stunting, 12.82 per cent in grade II nutritional 
status and 0.8 per cent in grade III Category stunting. The prevalence of stunting 
ranged from a minimum of 17.7 per cent for 15 years to 96.2 per cent for 5 years 
with an over all average prevalence of 63.8 per cent stunted girls for 5 year to 15 
years. 
Table - XXXIV 
Nutritional grade of 1364 girls by ICMR standards for height for age 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
No. 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
1364 
Normal 
No. 
5 
28 
51 
73 
9 
24 
35 
43 
30 
94 
102 
494 
% 
3.81 
22.4 
42.1 
60.8 
7.43 
19.4 
28.9 
35.5 
23.1 
74.6 
82.3 
36.2 
Nutritional Status 
Gr&de I 
No. 
77 
75 
63 
28 
63 
84 
74 
72 
100 
26 
22, 
684 
% 
58.8 
60 
52.1 
23.3 
52.1 
67.7 
61.8 
59.5 
76.9 
20.6 
17.7 
50.14 
Grade II 
No. 
49 
17 
7 
19 
46 
13 
12 
6 
-
6 
-
175 
% 
37.4 
13.6 
5.78 
15.8 
38 
10.5 
9.9 
4.95 
-
4.76 
, -
12.82 
Grade III 
No. 
-
5 
-
-
3 
3 
-
-
-
-
-
11 
% 
-
4 
-
-
2.47 
2.41 
-
-
-
-
-
0.8 
Total 
Prevalence 
No. 
126 
97 
70 
47 
112 
100 
86 
78 
100 
32 
22 
870 
% 
96.2 
77.6 
57.9 
39.2 
22.6 
80.6 
71.1 
64.5 
76.9 
25.4 
17.7 
63.8 
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The result showed that the highest prevalence 76.9 per cent was observed in 
grade I for 13 years followed by 67.7 per cent for 10 years and 61.8 per cent for 11 
years with a minimum prevalence of 17.7 per cent for 15 year old girls. 
With regard to grade II, the mean heights for age in girls, the highest 
prevalence 38 per cent was found in 9 years followed by 37.4 per cent for 6 years 
with a minimum prevalence of 4.95 per cent for 12 years. There was no girl in grade 
II for 13 and 15 years. 
Similarly there was no girl in grade III for almost all the years except for 6 
years, 9 years and 10 years for whom the prevalence rate was 4 per cent, 2.47 per 
cent and 2.41 per cent respectively. 
The overall analysis revealed that the total prevalence of stunting was 54.5 
per cent with 43.88, 9.95 and 0.6 percent in grade I (mild), grade II (moderate) and 
grade III (severe) stunted children respectively. 
In comparing the growth status of Aligarh school children in this sample 
with other growth studies in India the findings were not in total agreement. It was 
observed that with regard to some studies there was a similarity and for others a 
high prevalence rate was observed in the present study. A more or less same high 
prevalence of stunting has been reported from other regions of India. In a report on 
nutritional status of children ACC/SCN (Dolan, 2000) reported 48 to 56 per cent 
prevalence of stunting among children in India. Another study by Nutrition 
Foundation of India (Gopalan, 1988) reported the overall prevalence of stunting to 
54.35 per cent among children from 18 states of India. Sujatha (1997) in her study 
of growth status among school children aged 5 to 15 years also found more or less 
same prevalence rate with 28.91 mildly stunted and 19.81 per cent and 14 per cent 
moderate and significant stunted children. 
At the same time a comparatively low prevalence of stunting has been 
reported fi:om India. The report on regional WHO consultation on nutritional status 
of adolescent girls reported 32 per cent prevalence. In another study an overall 
prevalence of 38.5 per cent was reported among children of rural North India. Ingale 
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(1985) observed only 15.3 per cent prevalence in a study among Nagpur school 
children. 
However the findings of stunting rate in this sample also agrees with the 
findings of the other studies from developing countries (Zalilah et al, 2000; 
Shahabuddin et al, 2000) which indicate that shortness for age is a common 
nutritional insult among school children of developing countries. 
The study on age wise analysis observed that as in case of underweight a 
higher prevalence of stunting for both boys and girls was observed in young 
children in the age groups of 5,6 and 9 years with a minimum prevalence in 14 and 
15 years. These differences were statistically significant (x^=33.67, df=10, P<0.05). 
A statistically high significance (P<0.01) was found between the differences in the 
highest prevalence 86.3 per cent for 9 years and the minimum prevalence of 17.9 
per cent for 15 year old children. The above findings proves the second hypothesis 
that the prevalence will be more in yoimger age group than older age groups of 
children (Fig. 17). 
Fig, 17: Comparison of prevalence of stunting 
between younger and older age group 
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It was reported that as long as height-for-age is stable after the minimum age 
of school enrolment (6 years) there is little or no (catch-up growth and heights for 
age at 8 or 9 years reflect the effects of early childhood nutrition. In the present 
study from among the children of 5-15 year old, 5, 6 and 9 years children were 
found to be suffering from higher rates of stunting, thus reflecting the nutritionally 
deprived condition during the early years of life in the city of Aligarh. 
On comparison between girls and boys the overall prevalence of stunting 
showed that more girls than boys were experiencing different fonns of stunting. The 
percentage of boys showing normal height for age which was 56 per cent and higher 
than girls who had 36.2 per cent. It was observed that the prevalence of stunting was 
high in girls for over all as well as for all the different grades. In case of boys the 
prevalence was 36.8 per cent, 6.73 per cent and 0.47 per cent for grade 1, II and III 
category of stunting, where as for girls it was 56.4, 12.82 and 0.8 per cent for the 
three categories respectively. In order to ascertain the association of prevalence of 
stunting between boys and girls x ' test was applied. The differences were found to 
be significant {y} = 53.6, df=l, P<0.01), (fig. 18) thus proving the hypothesis that 
prevalence of stunting will be more in girls than boys. 
Fig. 18: Overall sex wise distribution of 
stunting in children 
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The x^  test revealed that girls are suffering from significantly higher rates of 
stunting than boys. Thus indicating thai more girls were at risk of poor growth than 
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boys. This was similar to the findings of WHO (1998) and Zalilah et al (2000), on 
nutritional status of school children that girls were more vulnerable to stunting than 
boys. Gender differentials in the studies of child nutritional status in less developed 
countries have frequently reported the same trend. The reasons may be that male 
children were favoured in comparison to female child as they were breast fed 
longer, received better quality diet, more child care time, better health treatment and 
therefore comparatively had better nutritional status. However, some studies have 
also shown that boys had poorer health growth status than girls (Ingale, 1985; 
Sujatha, 1997; Anand et al 1999; Gopalan, 1988) 
Prevalence of stunting according to the NCHS standards for boys is shown 
in Table XXXV, The percentage of boys in normal grade were 62.1 per cent with 
32.84 per cent, 5.09 per cent in grade I and II categories of stunting. There were no 
children in grade III category of stunting. The overall mean prevalence of stunting 
was 37.9 per cent with a range of minimum 25 per cent for 5 years to a maximum of 
60 per cent for 8 year old children. 
Table - XXXV 
Nutritional grade of 1218 boys by NCHS standards for height for age 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
1218 
Normal 
No. 
75 
63 
52 
40 
45 
98 
67 
74 
80 
76 
86 
756 
% 
75 
63 
52 
40 
45 
82.4 
55.4 
62.2 
66.1 
64.9 
71.1 
62.1 
Nutritional Status 
Grade I 
No. 
25 
32 
38 
50 
45 
18 
43 
44 
36 
41 
28 
40 
% 
25 
32 
38 
50 
45 
15.1 
35.5 
36.9 
29.8 
35.1 
23.1 
32.84 
Grade II 
No. 
-
5 
10 
10 
10 
3 
11 
1 
5 
-
7 
62 
% 
-
5 
10 
10 
10 
2.52 
9.1 
0.84 
4.13 
-
5.78 
5.09 
Grade III 
No. 
-
-
-
-
-
-
-
-
-
-
-
-
% 
-
-
-
-
-
-
-
-
-
-
-
-
Total 
prevalence 
No. 
25 
37 
48 
60 
55 
21 
54 
45 
41 
41 
35 
462 
% 
25 
37 
48 
60 
55 
17.6 
44.6 
37.8 
33.9 
35.1 
28.1 
37.9 
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The observation of low heights for age as per NCHS references for girls are 
shown in Table XXXVI. Among girls 44 per cent fall in normal category with 48.8 
per cent in grade I stunting, close to* 7 per cent in grade II and 0.21 per cent in grade 
III category of stunting. The overall mean prevalence of stunting was 56 per cent 
with a range of minimum 34.7 per cent for 12 years to a maximum prevalence of 
93.9 per cent for 5 years. 
Table - XXXVI 
Nutritional grade of 1364 girls by NCHS standards for height for age 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
No. 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
1364 
Normal 
No. 
8 
81 
59 
72 
64 
33 
72 
79 
18 
56 
58 
600 
% 
6.1 
64.8 
48.2 
60 
52.9 
26.6 
59.5 
65.3 
13.8 
44.4 
46.8 
44 
Nutritional Status 
Grade I 
No. 
106 
34 
57 
40 
36 
75 
37 
42 
106 
70 
63 
666 
% 
80.9 
27.2 
47.1 
33.3 
29.8 
60.5 
30.6 
34.7 
81.5 
55.6 
50.8 
48.82 
Grade II 
No. 
17 
10 
5 
8 
21 
13 
12 
-
6 
-
3 
95 
% 
12.9 
8 
4.13 
6.66 
17.4 
10.5 
9.9 
-
4.61 
• 
2.41 
6.96 
Grade III 
No. 
-
-
-
-
-
3 
-
-
-
6 
-
3 
% 
-
-
-
-
-
2.41 
-
-
-
4.76 
-
0.21 
Total 
prevalence 
No. 
123 
44 
62 
44 
57 
91 
49 
42 
112 
70 
66 
764 
% 
93.9 
35.2 
51.2 
40 
47.1 
73.4 
40.5 
34.7 
86.2 
55.6 
53.2 
56 
A clear cut downward trend with increase in age, a trend observed for all 
the previous nutritional status both for ICMR and NCHS references were not 
observed for prevalence of stunting by NCHS standards in the present study. 
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However the age wise difference for normal grades and prevalence of stunting was 
statistically significant {y^= 75 6, df = 10, P<0 01) 
But the comparison of prevalence rate between boys and girls showed the 
same trend of higher prevalence of stunting in girls than boys, with girls showing 56 
per cent prevalence in comparison to boys 37 9 per cent The different grade of 
stunting in girls with 48 82 per cent in grade I, 6 96 per cent in grade 11 and 0 21 per 
cent in grade III were also found to be higher than boys with 32 84 and 5 09 per cent 
for grade I and II and no children with respect of grade III category of stunting for 
boys The differences were found to be statistically significant (x = 65 3, df = 1, 
P<0 01) 
As observed for nutritional status for weight for age, the height for age also 
showed a decreased prevalence of stunting for NCHS standards in comparison to 
ICMR references. According to the ICMR standards 45 54 per cent children were in 
normal grade where as 52 51 per cent were in normal grade for NCHS standards 
By ICMR standards 43 9 per cent, 10 per cent and 0 61 per cent were in grade I, II 
and III respectively, where as the figures for similar grades by NCHS were 41 3, 6 
and 0 11 per cent respectively The differences were statistically significant 
(X^=16 72, df=3,P<0 01) 
4.3.3 Weight for Height 
The analysis revealed an overall low prevalence rate of wasting 13 4 per cent 
in comparison to other measurements like under weight and stunting 
With respect to boys (Table XXXVII) 85 5 per cent were found to be m 
normal grade with 12 3 per cent, 1 8 and 0 3 per cent in grade I, II and III categories 
with overall prevalence of 14 5 per cent wasting In grade 1 the highest prevalence 
percentage of 27 7 per cent was observed for both 12 years and 10 years followed 
by 18 per cent for 5 years with a minimum prevalence 0 82 for 11 years With 
respect to grade II, the highest prevalence 9 09 per cent was found in 13 years 
followed by 5 per cent for 8 years The prevalence was found only in 8, 10, 12, 13, 
14 and 15 years with no prevalence for rest of the age groups With respect to grade 
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III category of wasting the prevalence was found only in 11 year and 13 year boys 
2.47 per cent and 0.82 per cent respectively. For rest of the age groups grade III 
category of wasting was not noticed. 
Table - XXXVII 
Nutritional grade of 1218 boys by ICMR standards for weight for height 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
1218 
Normal 
No. 
82 
90 
85 
90 
95 
85 
117 
84 
92 
105 
117 
1042 
% 
82 
90 
85 
90 
95 
71.4 
967 
70.6 
76.1 
89.7 
96.7 
85.5 
Nutritional Status 
Grade I 
* 
No. 
18 
10 
15 
05 
05 
33 
01 
33 
17 
10 
03 
150 
% 
18 
10 
15 
05 
05 
27.7 
0.82 
27.7 
14.1 
8.54 
2.47 
12.3 
Grade II 
No. 
-
-
-
05 
-
01 
-
02 
11 
02 
01 
22 
% 
-
-
-
5 
-
0.84 
-
l.$8 
9.09 
1.70 
0.82 
1.80 
Grade III 
No. 
-
-
-
-
5 
-
3 
-
1 
-
-
4 
% 
-
-
-
-
5 
-
2.47 
-
0.82 
-
-
0.3 
Total 
prevalence 
No. 
18 
10 
15 
10 
05 
34 
04 
35 
29 
12 
04 
176 
% 
18 
10 
15 
10 
05 
28.5 
3.3 
29.4 
24 
10.3 
3.3 
14.5 
The result with respect to prevalence of wasting in girls shown in table 
XXXVIII revealed that 87.5 per cent were in normal range with 10.3, per cent in 
grade I category of wasting, 1.46 per cent and 0.73 per cent in II and III categories 
of wasting with the overall prevalence of 12.5 per cent wasting in girls. 
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Tatle - XXXVIII 
Nutritional grade of 1364 girls by ICMR standards for weight for height 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
No. 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
1364 
Normal 
No. 
115 
112 
115 
120 
117 
121 
97 
79 
111 
108 
99 
1194 
% 
87 
89.6 
94.1 
100 
96.7 
97.6 
80.1 
65.3 
85.4 
85.7 
79.8 
87.5 
Nutritional Statu; 
Grade I 
No. 
14 
9 
6 
-
4 
3 
12 
36 
19 
12 
25 
140 
% 
10.7 
7.2 
4.95 
-
3.3 
2.4 
9.91 
29.8 
14.6 
9.52 
20.2 
10.3 
Grade II 
No. 
2 
-
-
-
-
-
12 
-
-
6 
-
20 
% 
1.52 
-
-
-
-
-
9.91 
-
-
4.76 
-
1.46 
i 
Grade III 
No. 
-
4 
-
-
-
-
-
6 
-
-
-
10 
% 
-
3.2 
-
-
-
-
-
4.95 
-
-
-
0.73 
Total 
prevalence 
No. 
16 
13 
6 
-
4 
3 
24 
42 
19 
18 
25 
170 
% 
12.2 
10.4 
4.9 
-
3.3 
2.4 
19.8 
34.7 
14.6 
14.3 
20.2 
12.5 
The study revealed the highest prevalence of 29.8 per cent for 12-year girls 
in group I, followed by 20.2 and 14.6 per cent for 15 years and 13 years respectively 
with a minimum prevalence of 2.4 per cent for 10 years and a nil prevalence for 8 
year old girls. For grade II the highest 9.9 per cent was observed for 11 years 
followed by 4.6 for 14 years with a minimum prevalence of 1.52 per cent for 5 years 
and no prevalence for rest of the age groups. With regard to grade III category, the 
prevalence was found only in 12 and 6 year old girls with 4.95 and 3.2 per cent 
respectively. When the prevalence for all the three nutritional grades were 
considered together, the overall prevalence was found to be highest for 12 years 
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with 34.7 per cent followed by 15 years with 20.2 per cent and lowest with a nil 
prevalence for 8 years. The overall prevalence of wasting was observed to be 13.4 
per cent with only marginal differences between boys and girls, 14.5 per cent in 
boys and 12.5 per cent in girls. As observed for underweight and stunting, no clear 
age wise trend was noted for wasting in the present study. The prevalence of 
wasting was found to be much lower than the finding of ACC/SCN (Dolan,2000) 
that reported 31 per cent wasted children in India. Studies from India as well as 
from other developing countries (Dolan 2000; Das et al 1998; Zalilah et al 2000) 
showed 35.6 per cent to 42 per cent prevalence of wasting in school children. 
The resuh that 82 per cent, 54.5 per cent and 13.4 per cent school children 
suffering from various grades of underweight, stunting and wasting respectively 
according to ICMR standards proved the second hypothesis of the present study that 
underweight will be more than stunting and wasting (Fig. 19). 
Table - XXXIX 
Nutritional status of ^ 582 children aged 5 to 15 years 
Factors 
Weight-for-age 
Normal/not under weight 
Mildly underweigiit 
Moderately underweight 
Severely underweight 
Height-for-age 
Normal/not stunted 
Mildly stunted 
Moderately stunted 
Severely stunted 
Weight-for-Height 
Normal/not wasted 
Mildly wasted 
Moderately wasted 
Severely wasted 
Nutritional Status 
Male-1218 
No. 
226 
553 
400 
39 
682 
449 
82 
5 
. 
1042 
150 
22 
4 
% 
18.6 
45.4 
32.8 
3.2 
56.0 
36.86 
6.73 
0.41 
85.5 
12.3 
1.80 
0.32 
Female-1364 
No. 
214 
612 
460 
78 
494 
684 
175 
11 
1195 
140 
20 
10 
% 
15.7 
44.9 
33.7 
5.71 
36.2 
50.14 
12.82 
0.80 
87.5 
10.3 
1.5 
07 
Total 
No. 
440 
1165 
860 
117 
1176 
1133 
257 
16 
2236 
290 
42 
14 
% 
17.04 
45.12 
33.30 
4.53 
45.54 
43.88 
9.95 
0.6 
86.59 
11.23 
1.62 
0.54 
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The study also revealed that more girls than boys were found to be 
experiencing severe form of malnutrition. These percentages exceeded the expected 
proportion of children suffering from malnutrition. The findings indicate that 
malnutrition according to the three nutritional indicators is still prevalent in Aligarh 
city and the prevalence was noted to be more among younger children, although a 
majority of them were mildly malnourished. 
Fig. 19: Prevalence of malnutrition according to three 
indices 
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The prevalence of grade I category of underweight 45.12 per cent and 
stunting 43.88 per cent were higher compared to that of grade I wasting 11.23 per 
cent (Table XXXIX). As stunting reflects past nutrition inadequacies, the findings 
indicate that Aligarh city children may have had experience with poor diets and 
infection during their early child hood and perhaps were continuously living with 
similar conditions as a consequence of ignorance and poverty. However the 
question remains whether these children will be able to gain their normal heights 
(catch up growth) in later childhood. Rao (2001) reported that catch up growth 
could occur with improvements in living conditions more effectively in very young 
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children than older children. However, if the children remain in similar improvised 
conditions, there is a little or no chance that catch up growth will occur. Thus 
stunting in school children and adolescents may be less reversible and consequently 
can lead to short adult stature. The fact that Aligarh school children had 
significantly higher prevalence of weight for age than height for age and weight for 
age may actually relate to current overall poorer nutritional status of children. 
Continuous undernutrition along with deprived condition of child, family and social 
factors may further permanently retard a child development. These factors were 
further analyzed and their interrelationships and significance were discussed 
elaborately with respect to the prevalence of nutrition status in the subsequent 
pages. 
4.4 Nutritional Status: Child, Family and Socio-economic Factors 
Several studies have documented that the poor nutritional status among 
children can result in poor overall development and can have very severe 
consequences through out their life. Rao (2001) observed that entering adolescent 
with poor nutritional status could hamper the capacity for catch up growth and 
affect final adult size, if the child continues to live in the same poor deprived 
condition. Low anthropometric measurements (weight for age and height for age) 
have been frequently associated with poverty, however the cause and effect 
relationship between malnutrition and poverty alone is not sufficient without taking 
into consideration the relationship between the malnutrition and other factors, such 
as child characteristics, family environment and over all socio economic conditions. 
In fact in several of the studies, the relationship remained significant, even after 
controlling for socio economic variables. Low anthropometric measurements and 
nutritional status may not be direct consequence of poverty or poor socio economic 
conditions, but it may reflect shared contributory factors. 
This aspect of the study examines nutritional status in children linked to 
these variables. The factors selected include gender, ordinal position number of 
siblings, family size, type of family, occupation of parents, education level of 
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parents, family income, mothers working status, religion and food habits. The 
association between nutritional status and these variables, and the factors that best 
predict nutritional status was analyzed. 
The data presented in Table I given earlier, reveals the per cent distribution 
of the population according to various variables. The association between nutritional 
status and age and nutritional status and gender have been already established and 
discussed earlier in this chapter. 
It may be noted that while highly significant relationship was observed 
between age and nutritional status, no such significant relationship was observed 
between nutritional status and gender though a higher prevalence rate was observed 
in girls than boys. 
4.4.1 Birth Order 
Frequency of nutritional status by ordinal position was examined. The 
findings of the data are presented in Table XL. It was observed that the percentage 
of children in the normal category of nutritional status were higher 22.18 per cent in 
1** and 2""^  bom in comparison to 8.1 per cent in 7* and above bom children. The 
prevalence of malnutrition in children was found to increase with increase in birth 
order. 
Table - XL 
Relationship of ordinal position with nutritional status of children 
Ordinal 
position 
<2 
3-4 
5-6 
> 7 
Total 
No. 
246 
147 
44 
3 
440 
Vormal 
% 
22.18 
14.1 
11.1 
8.1 
17.04 
Nutritional Status 
No. 
582 
488 
94 
1 
1165 
l U l i U 
Grade I Grad n Grade i n 
% No. % No. % No. % 
52.47 
42 11 
23.7 
2.7 
45.12 
263 
382 
212 
4 
860 
23.71 
36 73 
53.53 
10.8 
33.30 
18 
23 
46 
29 
117 
1.62 
2 21 
11.61 
78,37 
4.53 
1109 
1040 
396 
37 
2582 
42 95 
40.25 
15.33 
1.43 
100 1 
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A statistically significant association (x^ = 63.12, df = 3, P <0.01) was 
observed between ordinal position and prevalence of under nutrition (grade 
I+II+III). Though the percentage of children coming under 7* and above were much 
lower (may be due to the awareness of small family norms) prevalence of 
malnutrition was high in these children. A higher prevalence of severe grade 
malnutrition was observed. A significant difference (x = 77.59, df =1, P<0.01) in 
the prevalence of severe degree of malnutrition between 1^  and T bom and 7 and 
above born children was observed in the Aligarh city. High prevalence oi 
malnutrition with increasing birth order were reported by Sharbati (2001), Sellen 
(1995) and National Family Health Survey (NFHS- 2000). 
According to the National Family Health Survey (NFHS-1992) 
undernutrition increases with increasing birth order and decreasing birth interval. 
The report revealed 56 per cent of underweight in five and above bom. . But similar 
findings were not reported by Devi et al (1999), Ray et al (1999) and Zallilah et al 
(2000) who observed in their studies that ordinal position of the children has no 
significant relationship with physical development of the children. 
4.4.2 Number of Siblings 
The prevalence of underweight by number of siblings did not indicate any 
definite trend as shown in Table XLI . The percentage of children with normal 
nutritional status were slightly higher in children having two siblings. The 
prevalence of undernourished children 84.2 per cent (grade I+II+III) in children 
with three or more siblings in comparison to 81.8 per cent (grade I+II+III) in 
children having less than two siblings may be attributed to less birth intervals in the 
family and subsequent neglect fi-om mothers as their attention were diverted towards 
the new bom or younger children in the family. Though increasing trend of overall 
malnutrition was observed in children with three or more siblings, no significant 
relationship was observed (P>0.05), 
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Table - XLT 
Relationship of number of siblings with nutritional status of children 
Number of 
Siblings 
<2 
>3 
Total 
NormaJ 
No. 
245 
195 
440 
% 
18.2 
15.8 
17.04 
Nutritional Status 
Grade I 
No. 
696 
569 
1165 
% 
51.59 
46.1 
45.12 
Gradn 
No. 
386 
474 
860 
% 
28.6 
55.1 
33.30 
Grade m 
No. 
22 
95 
117 
% 
1.63 
7.70 
4.53 
Total 
No. 
1349 
1233 
2582 
% 
52.25 
47.75 
100 
The analysis further revealed the prevalence of severe grade of mahutrition 
was more 7.70 per cent in children with three and more siblings versus 1.63 per cent 
in children with two or less siblings. A very high significant association (% = 
39.77, d ^ l , P<0.01) was seen in children having less than 2 siblings versus 
children with 3 and more siblings in the prevalence of severe grade of malnutrition. 
The same fact was revealed by Ray et al (1999), who observed a higher prevalence 
of severe degree of malnutrition when the number of siblings were three or more. 
4.4.3 Family Size 
The data presented in Table XLII reveals a higher percentage of families 60 
per cent having 5 and above family members in comparison to families 30 per cent 
with less than 4 family members. 
Table - XLH 
Relationship of size of the family with nutritional status of children 
Size of 
Family 
< 4 
5-6 
> 7 
Total 
Normal 
No. 
190 
128 
122 
440 
% 
18.6 
16.28 
15.74 
17.04 
Nutritional Status 
Grade I Grade n 
No. % No. % 
687 
270 
208 
1165 
67.29 
34.35 
26,80 
45.12 
130 
350 
380 
860 
12.73 
44.53 
49.03 
30.30 
Grade III 
No. % 
14 
38 
65 
117 
1.37 
4.84 
8.39 
4.53 
Total 
No. 
1021 
786 
775 
2582 
% 
39.54 
30.44 
30.02 
100 
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The children belonging to small families show comparatively lower 
prevalence of malnutrition. The prevalence of overall underweight by family size 
show a increasing trend with increase in number of family members from 81.4 per 
cent to 84.25% per cent (grade I+II+III), but no significant relationship was 
observed in the prevalence of underweight children of small versus large families 
(X^  = 2.98, df-2, P>0.05). These findings were similar to the findings of Devi et al 
(1999) and Zalilah et al (2000), who established that family size was not found to be 
related to the child's physical development. But on the other hand similar studies by 
Ingale (1985) and Louise (1996) found the nutritional status was significantly 
related to family size. Neverthless,in the present study it was observed that the 
prevalence of severe grade of malnutrition was very high in the family having seven 
and above members. Further very high significant association in the prevalence of 
severe degree of malnutrition between small and larger family size was observed (x, 
= 45.18, df = 1, P <0.01). Like the present study, some earlier studies have also 
showed higher prevalence of malnutrition with increase birth order, when the 
numbers of siblings were more than two, which ultimately contribute towards 
increase in family size. These aspects emphasized the need for promoting limited 
family size campaign in child survival and safe mother hood programmes to 
improve the nutritional status of the children. 
4.4.4 Type of Family 
Nutritional status of children in relation to family type was examined. The 
data presented in Table XLIII reveals that a majority of the families of the children 
live in nuclear units and comparatively a lesser number live in joint families. This 
corresponds to 67.02 per cent nuclear families and 32.97 per cent joint family units 
respectively. 
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Table - XLIII 
Relationship of type of the family with nutritional status of children 
Type of 
Family 
Joint 
Nuclear 
Total 
Normal 
No. % 
150 
290 
440 
17.6 
16.75 
17.04 
Nutritional Status 
Grade I 
No. %, 
372 
793 
1165 
43.7 
45.8 
45.12 
Grade II 
No. % 
300 
560 
860 
35.25 
32.35 
30.30 
Grade III 
,No. % 
29 
88 
117 
3.4 
5.0 
4.53 
Total 
No. 
851 
1731 
2582 
% 
32.97 
67.02 
100 
The prevalence of malnutrition was observed to be more or less same for both types 
of families. No significant relationship was observed between the prevalence of 
malnutrition and type of family {^ =0.28, df =1, P>0.05). Doan (1989), Ray et al 
(1999) and other studies found children in extended families were shown to have 
lower weight for age than children in nuclear families. The findings of the present 
study showed that malnutrition though high was more or less same in both type of 
families with marginally lesser percentage of underweight children in joint families. 
This could be attributed to a more understanding and supportive role being played 
by the joint families in the modem context. Social security, the traditional values 
and attitudes seem to play a positive role. At the same time the parents in the 
nuclear families also have taken up more defined roles. These roles are possibly 
more supportive and defined and make a child feel more secure, cared for and 
confident. This could be a probable reason for more or less same prevalence in both 
types of families. 
4.4.5 Education of Parents 
The frequencies of nutritional status by parental education (father and 
mother separately) were also examined. The findings of the data are provided in 
Table XLIV for fathers and Table XLV for mother's educational level. 
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Table - XLIV 
Relationship of education of father with nutritional status of children 
Educational 
Level 
Professional 
Graduate 
Inter 
High School 
Illiterate 
Total 
Normal 
No % 
110 
92 
72 
112 
54 
440 
22 5 
176 
15 1 
15 4 
16 
17 04 
Nutritional Status 
Grade 1 
No 
264 
285 
215 
351 
50 
1165 
% 
51 36 
54 28 
45 07 
48 28 
14 74 
45 12 
Grade D 
No % 
140 
140 
178 
247 
155 
860 
27 23 
26 66 
37 31 
33 97 
45 72 
33 30 
Grade i n 
No 
0 
8 
12 
17 
80 
117 
% 
0 
1 52 
2 51 
2 33 
23 59 
4 53 
Total 
No 
514 
525 
477 
727 
339 
2582 
% 
19 90 
20 33 
18 47 
28 15 
13 12 
100 
The percentage of illiterate mothers 52 82 per cent was substantially more in 
comparison to father's illiteracy level 13 1 per cent Only 47 per cent mothers were 
literates with 6 04 per cent in professional level and 13 4 per cent in graduation 
level The rest of the mothers education comprises of inter and high school where as 
87 per cent of fathers were literate with approximately 20 per cent each in 
professional and graduate levels and only about 38 per cent were inter and high 
school categories The statistical analysis revealed that there were no children in 
severe grade of malnutrition whose mothers were professional and graduate and 
whose fathers were also professionals A very low percentage 1 52 per cent of 
severe grade of malnutrition was noticed in children fathers who were graduates A 
significant association ((x^ =8 42, df=4,P<0 05) was found between the educational 
level of father and malnutrition (grade I+II+III) Further as comparatively high 
percentage 23 59 of severe grade of malnutrition was noticed in children of illiterate 
fathers in comparison with illiterate mothers whose only 7 33 per cent of children 
suffers fi-om severe degree of malnutrition 
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Table - XLV 
Relationship of education of mother with nutritional status of children 
Educational 
Level 
Professional 
Graduate 
Inter 
High School 
Illiterate 
Total 
Normal 
No. 
50 
84 
28 
84 
194 
440 
% 
32.05 
24.27 
20.28 
14.53 
14.22 
17.04 
Nutritional Status 
Grade 1 
No. 
98 
222 
44 
299 
502 
1165 
% 
62.82 
64.16 
31.88 
51.73 
37.02 
45.12 
Grade H 
No. % 
8 
40 
59 
185 
568 
860 
5.12 
11.56 
42.75 
32.00 
41.64 
33..30 
Grade m 
No. 
0 
0 
7 
10 
100 
117 
% 
0 
0 
5.07 
1.73 
7.33 
4.53 
Total 
No. % 
.156 
346 
138 
578 
1364 
2582 
6.04 
13.40 
5.37 
22.38 
52.82 
100 
The differences were statistically significant. The analysis revealed that 
nutritional status increased with increase in mothers as well as fathers educational 
level. A high statistically significance association was found {y} =47.36, df=4, 
P<0.001). These findings show that the influence of educational level of mothers 
was more than father's. The reason could be attributed to the fact that in Indian 
culture mother play a positive role in upbringing and caring of children in 
comparison to father and the nutritional knowledge which she gain, through 
education does contribute towards improved nutritional status in children of 
educated mothers. The present findings were in accordance with observations made 
earlier by NFHS-2 (2000), India Nutrition Profile (Das,1998),Washi (1992), Zaki 
(1999) and Kassaouf (1993). The findings that undernourished children decrease 
with increase in parental education were similar to the findings of NFHS (1992), 
which observed a vast difference in prevalence of health and nutritional problems 
with rise in the level of educational status of mothers. It reported that prevalence of 
under nutrition declines steadily with increasing educational levels of the mothers. 
NFHS-2 (2000) also reported that high level of women's education was consistently 
associated with lower fertility and infant mortality and with better nutrition and 
health of both women and children. It also found that children whose mothers were 
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illiterate were twice likely to be undernourished when compared with mothers who 
have completed at least high school. The present study also found that about thrice 
(three time higher) prevalence of severe grade of malnutrition in children of 
illiterate mothers in comparison to children of literate mothers up to high school. 
Girma (1992) in Ethiopia found schooling of mothers particularly upper 
secondary to be significantly influence nutritional knowledge and nutritional out 
come. Anne (1986) found that the beneficial effects of maternal education on 
nutritional status of children works primarily though its association with paternal 
socio economic status. Ray et al (1999) also reported that the prevalence of severe 
grade of malnutrition was highest when both the parents were illiterates but found 
the prevalence to be lowest when mothers were literate. 
4.4.6 Occupation 
The fi-equency distributions of different grades of nutritional status by 
parental occupation (both paternal and maternal separately) are presented in Table 
XLVI and XLVII. 
Table-XLVT 
Relationship of occupation of father with nutritional status of children 
Occupatio-
Professional 
Semi Profs. 
/ service 
Skilled 
Semi Skilled 
Unskilled 
Total 
Normal 
No. 
114 
101 
85 
90 
50 
440 
% 
25.1 
18.36 
18.04 
15.76 
9.32 
14.22 
Nutritional Status 
Grade I 
No. 
334 
298 
286 
160 
87 
1165 
% 
73.56 
54.18 
60.72 
28.07 
16.23 
45.12 
Grade H 
No. % 
6 
151 
95 
308 
300 
860 
1.32 
27.45 
20.16 
53.94 
55.99 
33.30 
Gradeni 
No. 
0' 
0 
5 
13 
99 
117 
% 
0 
0 
1.06 
2.27 
18.47 
4.53 
Total 
No. 
454 
550 
471 
571 
536 
2582 
% 
17.56 
21.33 
18.23 
22.11 
20.77 
100 
The statistical analysis showed that 30.83 per cent mothers were employed 
in different categories of occupations against 69.17 percent-unemployed mothers. 
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16.97 percent employed mothers were in professional jobs against 17.56 per cent 
fathers in professional job. With regard to unskilled occupation, it was observed that 
only 4.14 per cent mothers engaged in unskilled occupations against 20.77 per cent 
fathers. For rest of the occupations paternal and maternal working status were 
observed to be more or less same. 
Table - XLVH 
Relationship of occupation of mother with nutritional status of children 
Occupational 
Level 
Professional 
Semi Profs. 
/service 
SkiUed 
Semi skilled 
Unskilled 
Total 
Normal 
No. 
72 
144 
35 
84 
8 
343 
% 
54.4 
52.4 
36.5 
32.8 
24.2 
43.1 
Nutritional Status 
Grade I 
No. 
31 
96 
23 
103 
7 
260 
% 
22.96 
34.90 
23.95 
40.07 
21.21 
32.66 
Grade H 
No. % 
32 
35 
38 
65 
10 
180 
23.7 
1272 
39.58 
25,29 
30.30 
22.61 
Grade HI 
No. 
0 
0 
0 
5 
8 
13 
% 
0 
0 
0 
1,94 
24.24 
1.63 
Total 
No. % 
135 
275 
96 
257 
33 
796 
16.97 
34.54 
12.06 
32,28 
4.14 
100 
From the XLVI table it is seen that normality in nutritional status of children 
increased with increase in parental occupation level. The statistical analyses of 
weight for age by paternal occupation indicate the prevalence to be very high in 
children belonging to fathers engaged in semi-skilled and unskilled occupations 
than those engaged in professional, service class and skilled occupations. The test of 
significance indicates a very high significant differences (P<0.01). With regard to 
maternal occupation, more or less same trend was observed with a high prevalence 
of malnutrition among children belonging to mothers engaged in semi and unskilled 
occupations than those engaged in professional, semi professional/service and 
skilled ones. The test of significance indicates a very significant difference (x' = 
45.19, df - 4, P< 0,01, x^ -= 32.5, df 4, P<0.01) between the prevalence of 
mabutrition and occupational level of both fathers and mothers respectively. 
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Further on comparison of prevalence of malnutrition in children between paternal 
and maternal occupation, it was observed that children of occupational mothers 
suffers lesser degree of malnutrition, 56 9 per cent (grade I+II+III, see table XLVII) 
of children in comparison to 82 96 per cent (grade I+II+III, see table XLVI) of 
malnourished children of paternal occupation 
With regard to the prevalence of severe degree of malnutrition the analysis 
revealed that there was no severe grade in children of mothers who were engaged in 
professional, semi professional/service and skilled occupations, but with regard to 
father's occupational level, only professional, semi professional/service categories 
did not show any severe grade malnourished children In contrary to observation 
made in children of mothers engaged in skilled jobs, the children of fathers working 
in skilled job showed the prevalence of severe grade of nutritional status, however 
with a lesser percentage in comparison to semi and unskilled fathers The findings 
of this study were similar to the observations of earlier studies Vazir, (1998), 
NFHS-2 (2000), Zaki, (1999), that higher paternal and maternal occupational status 
is significantly associated with lower prevalence of malnutrition and better 
nutritional status of children 
4.4.7 Maternal Employment 
The effect of maternal employment on the nutritional status of children were 
investigated and distribution of different nutritional grades are presented in Table 
XLVIII 
Table-XLVm 
Relationship of mother working status with nutritional status of children 
Working 
status 
Working 
Not 
working 
Total 
Normal 
No % 
343 
97 
440 
43 1 
5 43 
17 04 
Nutritional Status 
Grade I Gradell 
No % No % 
260 
905 
1165 
32 66 
50 67 
45 12 
180 
680 
860 
22 61 
38 07 
33 30 
Grade III 
No % 
13 
104 
117 
163 
5 82 
4 53 
lOiiu 
No % 
796 
1786 
2582 
30 83 
69 17 
100 
185 
It was found that comparatively low percentage 56.90 per cent children of 
working mothers were found to be suffering from malnutrition against 94.56 per 
cent in children of non-working mothers. The analysis revealed a positive 
relationship ((x^ =8.29, df^],P>0.01) between maternal employment and the 
prevalence of malnutrition, Ray et al (1999) in Calcutta also found a higher overall 
prevalence 78.18 per cent of malnutrition in the children of housewife mothers 
compared to mothers engaged in some or other outdoor occupation (64.07%). Zaki 
et al (1999) in Sri Lanka also shows a high positive impact on heakhy growth of 
children. But these findings were contrary to the NFHS-2 (2000) report that 
observed an increased percentage of 22.9 per cent of underweight children in 
working mothers as compared to 15,5 per cent in non-working mothers, Qgden 
(1993) in Kigali, Rwanda in his study concluded that mothers work had a negative 
impact on weight for age in the nuclear house hold, but had a positive impact in the 
joint house holds. It may be noted that due to maternal employment and consequent 
extra increased income, improves living conditions and facilities, leading to a 
positive impact of maternal employment on the nutritional status of children. 
4.4.8 Per Capita Family Income 
The nutritional status of children according to per capita family income is 
presented in Table XLIX. 
Table-XLIX 
Relationship of per capita family income with nutritional status of children 
Income 
groups 
Class 1 
Class II 
Class III 
Class IV 
Class V 
Total 
Normal 
No. 
100 
110 
75 
86 
69 
440 
% 
23,2 
19,7 
15.2 
16.4 
11,7 
1704 
Nutritional Status 
Grade I 
No. 
326 
308 
245 
170 
116 
1165 
% 
75,46 
54.90 
5201 
32,31 
1959 
45.12 
Grade n 
No. % 
6 
140 
146 
251 
317 
860 
1,38 
24.95 
30.99 
47.71 
53.54 
33.30 
Grade ffl 
No. 
0 
3 
5 
19 
90 
117 
% 
0 
0.53 
1.06 
3.61 
15.20 
4,53 
Total 
No. 
432 
561 
471 
526 
592 
2582 
% 
16.74 
21.73 
18.23 
20.37 
22.93 1 
100 1 
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The distribution of families according to per capita income showed more or 
less same percentage of families in different income groups. But the nutritional 
status of children differs to a large extent according to per capita family income. An 
inverse trend was noticed in nutritional status of the children as the income 
decrease. National Family Health Survey NFHS-2 (2000) also reports that with 
increasing income there was a dectease in the prevalence of nutritional problem. 
The prevalence of overall malnutrition 88.3 per cent (grade I+II+III) in the lower 
group was the highest in comparison to other income groups. The overall 
malnutrition prevalence 76.8 per cent, the lowest prevalence was observed in the 
higher income group. The test of significance indicates a very significant difference 
(X^  26.27, df = 4, P <0.01) between the prevalence rate and different income groups. 
Further it was observed that the prevalence of severe grade of malnutrition was 
significantly higher 15.2 per cent among the children of lower income group versus 
5.2 per cent in children of other income groups. There were no children in severe 
grade of malnutrition in higher income group category. The differences were found 
to be significant (P<0.01). The resuh of the present study correlates with the 
findings of the earlier studies Banik et al (1982), Bhasin et al (1990), Verma et al 
(1998), Ray et al (1999), Agarwal et al (1999), Yadav et al (1999), Zalilah, (2000), 
Sharbati (2001) and other studies. 
National Family Health Survey 1998-99 also observed that households that 
have a low income perform distinctly worse on most demographic and health 
outcome indicators than households that have a relatively high income. These 
findings underscore the need for giving high priority to poverty reduction 
programmes and to investments that provide increased access to household income 
and basic amenities. 
4.4.9 Dietary Habits 
Prevalence of underweight in children in relation to food habits was 
observed. The data in Table L indicates the nutritional status of children in 
vegetarian and non-vegetarian categories. 
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Table - L 
Relationship of food habits with nutritional status of children 
Food 
Habits 
Vegetarian 
Non. 
Veg, 
Total 
Normal 
No. % 
190 
250 
440 
15.74 
18.3 
17.04 
Nutritional Status 
Grade I 
No. % 
560 
605 
1165 
54.63 
44.25 
42.12 
Grade U 
No. % 
405 
455 
860 
33.3 
33.7 
33.30 
GradelU 
No. % 
60 
57 
117 
4.9 
4.1 
4.53 
Total 
No. % 
1215 
1367 
2582 
47.05 
52.94 
100 
The overall prevalence of malnutrition was found to be some what high in 
the vegetarian children 84.36 per cent (grade I+E+III) in comparison to 81.7 per 
cent (grade I+IT+IIl) in non-vegetarian children. But no significant difference (x = 
3.16, df = 1, P>0.05) in prevalence rate of malnutrition was observed in the present 
study, though many studies have established a significant relationship. Sander, 1988 
also observed that vegetarian children grow normally, but they tend to be smaller in 
stature and lighter in weight than standards for general population Tayter et al 
(1989) compared the anthropometric measurements of vegetarian and non 
vegetarian children and found the nutritional status of non vegetarian children to be 
better than the vegetarian children. The low nutritional status in vegetarian children 
may be due to the fact that in vegetarian diets some essential nutrients retinal 
(vitamin A), vitamin B12, vitamin D are lacking. In comparison to the above 
studies, a less differences in the prevalence of malnutrition was observed in the 
present study, the reason for such a findings could be attributed to the changing 
trends in dietary consumption which showed a less quantity and fi'equency in 
consumption of meat and meat products in non vegetarians and intake of eggs and 
milk by vegetarian children which substitute the lack of essential nutrient and 
animal protein in vegetarian children. 
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4.4.10 Religion 
The prevalence of malnutrition in accordance with religion are presented in 
Table LI the comparison was made only between the Muslims and Hindus as very 
few children of Christians and Sikhs religions (one or two) were found to be present 
in the selected schools, they were excluded from the selected sample. 
Table - LI 
Relationship of religion with nutritional status of children 
Religion 
Muslims 
Hindus 
Total 
Normal 
No. % 
234 
206 
440 
16.9 
17 
17.04 
Nutritional Status 
Grade I Grade U 
No. % No. % 
647 
518 
1165 
46.61 
52.42 
42.12 
449 
411 
860 
32.3 
34.4 
33,30 
Grade DI 
No. % 
58 
59 
117 
4.2 
5 
4.53 
Total 
No. % 
1388 
1194 
2582 
53.75 
46.25 
100 
The prevalence rates of malnutrition were observed to be more or less same 
between Hindus and Muslims children. The overall percentage (grade I+II+III) 
being 82.14 and 83.14 per cent respectively. No significant relationship was seen 
between the prevalence rate and religion in this study. 
Table - LIT 
Combination of factors that best predict nutritional status of children 
Factors 
Ordinal position 
Education of Mother 
Occupation of Father 
Occupation of Mother 
Working Status of 
Mother 
Per capita family income 
Total r^  
Contribution to the 
explained variance r^  
0.068 
0.056 
0.042 
0.035 
0.031 
0.020 
0.252 
Beta 
0.22 
0.21 
0.20 
0.18 
0.16 
0.12 
P-value 
0.000*** 
0.000*** 
0.000*** 
0.000*** 
0.009** 
0.004** 
1 
**P<0.01,***P<0.001 
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A step wise multiple regression was performed to determine the combination 
of factors that best predict children's nutritional status. Nutritional status was found 
to be significantly related to ordinal position, education of mothers, occupations of 
fathers, occupation of mothers, mothers working status and socio economic status of 
the family (r^  = 0.252, p<0.001) Table - LII presents the individual contribution of 
the significant factor to the nutritional status variance. Ordinal position (r^= 0.068) 
contributes the most to the regression variance followed by education of mothers (r^  
= 0.056), occupation of Fathers (r^  = 0.042), occupation of mothers (r^  = 0.035), 
mothers working and non working status (r^=0.031) and family income (r^= 0.020). 
These results confirmed that nutritional status differ significantly according to the 
above mentioned factors. Better nutritional status was associated with lower ordinal 
position (lower birth order, higher educational level of mothers, higher occupational 
position of Fathers and mothers, with working mothers and higher house hold 
income. These findings shows a significant relationship of ordinal position with 
nutritional status which is in contradiction to hypothesis that 'ordinal position will 
not be significantly correlated with nutritional status'. 
4.5 Food Consumption and Nutritional Status 
In the present study mean daily intake of different food groups and food 
nutrients were examined in different age groups 5 to 6, 7 to 9, 10 to 12 and 13 to 15 
years. According to Indian Council of Medical Research (1989) recommended daily 
allowances (Annexure - VIII and IX), the daily requirement of food groups as well 
as food nutrient were different for these age groups. So to ascertain the exact figures 
of intake of food groups and food nutrients were computed age group wise as per 
the standards determined by ICMR for both boys and girls separately. Test of 
significance was applied for each food group as well as for food nutrients for 
separate age groups to establish the'level of significance in differences between the 
consumption of food items in normal and underweight children. 
Mean daily intake of food by normal and underweight boys according to age 
group are presented in Table LIII. On comparison of food intake between normal 
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and underweight children it was found that dietary intake of cereal differ 
significantly. The result showed lower intake of cereal in underweight children for 
all the age groups, but the differences were found significant only for 5-6 and 7-9 
years P<0.01 and for the older age groups the differences were not significant. 
Table - LIII 
Mean daily intake of food in gms by normal and underweight boys according 
to Age group 
Food 
Groups 
Cereal 
Pulses 
Green 
vegetables 
Other 
vegetable 
Tubers 
Meat 
Milk 
Sugar 
Fat 
Standard c 
Normal 
n=52 
175 23 
(43 90) 
35 40 
(54 20) 
18 25 
(10 20) 
32 36 
(25 12) 
60 23 
(54 12) 
25 20 
(19 63) 
196 35 
(80 97) 
22 83 
(1921) 
28 94 
(25 68) 
eviation 
5-6 
Under wt 
n=148 
165 25** 
(60 70) 
30 10** 
(42 51) 
15 32* 
(8 54) 
29 65 
(29 20) 
52 12* 
(60 32) 
1261** 
(9 35) 
176 59** 
(96 58) 
19 20 
(22 01) 
20 04** 
(54 64) 
of mean in 
Normal 
n=30 
189 22' 
(67 21) 
45 32 
(40 12) 
2130 
(16 54) 
45 32 
(32 10) 
62 23 
(47 13) 
25 67 
(16.29) 
222 32 
(85 29) 
23 21 
(17 65) 
3184 ' 
(29 32) 
parenthe 
7-9 
Under wt 
n=270 
176 45** 
(21 50) 
40 52* 
(52 01) 
18 59** 
(21 58) 
35 74** 
(58 90) 
53 36 
(47 20) 
12 93** 
(68 90) 
179 58** 
(69 32) 
1821 
(25 21) 
25 94** 
(54 34) 
jsis. 
10-12 
Normal 
n=38 
195 26 
(67 50) 
52 21 
(42 01) 
25 85 
(19 78) 
47 12 
(25 96) 
65 28 
(54 30) 
27 56 
(15 40) 
240.39 
(75 40) 
25 90 
(21 03) 
35 01 
(19 32) 
* 
** 
Under wt 
n=321 
190 47 
(74 80) 
45 34** 
(67 50) 
2150* 
(17 35) 
45 25 
(71 14) 
6124 
(6915) 
10 39** 
(9 14) 
20194 
(54 39) 
2156 
(45 90) 
25 90** 
(54 05) 
P>0.05 
P<0.01 
13-15 
Normal 
n=106 
239 30 
(45 96) 
55 21 
(67 30) 
26 32 
(22 14) 
52 39 
(47 65) 
69 58 
(58 30) 
30 12 
(25 96) 
260 92 
(68 45) 
30 45 
(25 48) 
39 45 
(3158) 
Under wt 
n=253 
225 47 
(87 20) 
47 64 
(45 36) 
22 65** 
(32 58) 
45 59 
(66 84) 
62 54 
(49 63) 
16 85** 
12 96) 
239 54 
(98 57) 
22 65** 
(58 90) 
26 51* 
(34 28) 
The average intake of pulses differ significantly for all ages indicating a 
lower average intake in underweight children. The average intake of other 
vegetables, roots and tubers were more or less same except for age group 7 to 9 
years, but the differences in the intake of green leafy vegetables were significant 
p<0.05 between normal and underweight children like pulses the intake of meat was 
observed to be very low in underweight children than normal category and the 
difference were found significant for all age groups. Consumption of milk was also 
lower for all age groups, according to recommended daily allowances but the 
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differences were significant only for age groups of 5 to 6 and 7 to 9 year old 
children. Though the average consumption of fats was slightly above the 
recommended daily allowances, the intake was found to be lower in undernourished 
children. 
The study revealed that the average consumption of cereal, pulses, meat and 
other food groups except roots and tubers and fats were substantially below the 
recommended allowances. The observation revealed comparatively lower intake of 
cereal, protein and milk in the younger age groups, which correlates with the 
prevalence of higher malnutrished children in this age group than older age group 
children. These findings were similar to the findings of Yadav et al (1999) who also 
observed a comparatively lower intake of food in younger age groups. 
On overall observation, the result revealed that the consumption of almost 
all the food groups were lower than the recommended daily allowances for all the 
age groups. This finding correlates well with the findings of Gopaldas et al. (1983) 
Satyanarayana (1981) and Thakore et al. (1989). Bishbandhu et al. (1980) also noted 
significant differences in nutritional status of urban children of different socio-
economic class. Kapil et al. (1993) in a study of the dietary intake among school 
children from upper socio-economic class in Delhi concluded that both in girls and 
boys the food intake was deficient. Mean daily intake of food by normal and 
underweight girls according to age groups are shown in Table LIV. 
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Table- LIV 
Mean daily intake of food in gms by normal and underweight girls according 
to age group 
Food 
Groups 
Cereal 
Pulses 
Green 
vegetabl 
e 
Other 
vegetabl 
e 
Tubers 
Meat 
Milk 
Sugar 
Fat 
5-6 
Normal 
n=39 
158 
(40.39) 
26.81 
(31.92) 
16.29 
(21.42) 
31.50 
(40.95) 
45.40 
(35.33) 
15.10 
(18.53) 
180.50 
(85.91) 
20.00 
(18.20) 
29.41 
(26.58) 
Under wt 
n=217 
139.51* 
(60.41) 
20.34 
(21.42) 
12.49 
(17.11) 
30.32 
(49.35) 
30.51** 
(67.05) 
11.60** 
(10.51) 
156.09* 
(75.01) 
19.71 
(15.70) 
20.04* 
(53.54) 
7-9 
Normal^  
n=29 ' 
185.64 
(31.90) 
27.01 
(30.45) 
21.38 
(39.30) 
40.10 
(52.24) 
48.09 
(41.75) 
18.51 . 
(10.97) 
202.32 
(85.29) 
23.21 
(16.75) 
28.48 
(23.902) 
Under wt 
N=333 
165.77* 
(87.03) 
30.49 
(41.57) 
19.48 
(41.32) 
41.32 
(53.5) 
41.30 
(65.01) 
12.93* 
(16.29) 
179.71* 
(75.41) 
19.89 
(18.10) 
25.49 
(24.54) 
10-12 
Normal 
n=17 
255.52 
(59.08) 
43.43 
(35.02) 
21.01 
(17.11) 
43.21 
(27.01) 
50.45 
(47.50) 
17.57 
(10.39) 
239.5 
(54.4) 
25.72 
(16.71) 
33.97 
(23.39) 
Under wt 
n=349 
262.18 
(75.80) 
31.57** 
(39.30) 
19.44 
(67.56) 
40.07 
(31.90) 
42.35 
(67.09)) 
11.53** 
(9.50) 
200.79* 
(58.71) 
23.05 
(15.71) 
29.05 
(21.47) 
13-15 
Normal 
n=129 
289.25 
(50.43) 
55.34 
(40.39) 
22.50 
(60.71) 
45.31 
(52.24) 
56.70 
(36.75) 
22.16 
(15.70) 
260.92 
(68.45) 
29.51 
(25.48) 
39.54 
(13.85) 
Under 
wt 
n=251 
305.10 
(60.73) 
53.67 
(66.05) 
20.55 
(57.03) 
44.05 
(41.57) 
52.39 
(49.78) 
16.85* 
(12.96) 
241.32 
97.75) 
21.56 
(20.01) 
28.15* 
(22.43) 
Standard deviation of mean in parenthesis. 
* P>0.05 ** P<0.01 
On comparison of food intake between normal and underweight children it 
was found that the intake of cereal differs significantly. As noted in case of boys the 
differences were very significant for younger age group. The average intake of 
pulses differs significantly only for the age group 10 to 12 and for rest of the age 
groups no significant differences were found. In case of vegetables, roots and sugar 
the intake in both the groups does not differ significantly. As was noted for pulses 
193 
the intake of milk differ significantly for the younger age group and for the age 
group of 13 to 15 years no significant difference was observed. The consumption of 
fats was found to be above the recommended allowances for both normal and 
underweight children. The consumption of meat was found to be lower than the 
recommended allowances and the differences were significant for all age groups. In 
case of other food groups no significant differences were observed. On comparison 
between boys and girls the consumption of milk and meat products were found to be 
higher for boys as compared to girls. 
The mean daily intake of nutrient by normal and underweight boys 
according to age groups are presented in Table LV. The average calorie intake differ 
significantly for all the age groups except 13-15 years between normal and 
underweight children. It was observed that intake of protein does not differ 
significantly for normal and underweight categories except for 13 to 15 years age 
group. In case of calcium the differences were significant for 5-6 age group and 13-
15 age group. In case of thiamine riboflavin and niacin no significant differences 
were noted. Significant relationship was observed for iron and vitamin A intake 
between the normal and underweight boys in older groups. Average intake of 
calories, iron and vitamin A were deficient for all age groups and were markedly 
below the RDA. The average intak,e of protein and calcium were adequate for all 
age groups and were more or less above the recommended daily allowances in the 
Aligarh city. While protein intake in these children met the RDA, the intake of 
calories fell short of the recommended daily allowances. These findings were in 
similarity to the findings of Rao et al. (1984) who also observed the same trend. 
194 
Table - LV 
Mean daily intake of nutrient by normal and underweight boys according 
to age group 
Food 
Groups 
Calories 
(kcl) 
Protein (g) 
Calcium 
(mg) 
Iron (mg) 
Vitamin A 
Retmoi 
[ig/d 
Tliiamin 
(mg) 
Riboflavin 
(mg) 
Niacin 
(mg) 
Vit.C 
(mg) 
5-6 
Normal 
n=52 
1654 
(353.19) 
49.30 
(31.35) 
469.01 
(392.11) 
13.67 
(7.41 
427 
(201.52) 
1.40 
(1.20) 
1.13 
(0.33) 
11.22 
(3.90) 
37.89 
(26.51) 
Under wt 
n=148 
1559* 
(417.34) 
47.14 
(32.8) 
383.29* 
(293.25) 
12.67 
(6.79) 
401 
(307.59) 
1.13 
(9.29) 
1.1 
(0.56) 
10.54 
(3.12) 
31.51 
(53.13) 
7-9 
Normal 
n=30 
1858 
(437.35) 
58.56) 
(36.15) 
522.34 
(315.74) 
18.61 
(7.32) 
423 
(360.34) 
1.94 
(1.02) 
1.2 
(0.14) 
12.67 
(4.59) 
40.15 
(31.78) 
Under 
wt 
n=270 
1775** 
(290.15) 
52.74 
(23.51) 
427.35 
(345.36) 
16.52** 
(13.14) 
418 
(332.50) 
1.15 
(9.25) 
1.1 
(0.35) 
11.49 
(3.09) 
39.90 
(54.37) 
10-12 
Normal 
n=38 
2130 
(259.08) 
64.70 
(47.05) 
580.06 
(437.12) 
26.72 
(5.94) 
498 
(259.80) 
2.04 
(1.10) 
1.2 
(0.39) 
16.5 
(2.50) 
50.79 
(39.70) 
Under 
wt 
N=321 
1830** 
(352.71) 
60.35 
(25.55) 
460.26 
(415.82) 
25.45 
(13.50) 
450** 
(325.70) 
1.85 
(1.53) 
1.1 
(0.42) 
14.75 
(3.78) 
47.75* 
(51.03) 
13-15 
Normal 
n=106 
2320 
(373.52) 
74.58 
(41.02) 
664.79 
(232.72) 
27.12 
(11.32) 
448.09 
(120.29) 
2.05 
(1.20) 
1.2 
(0.46) 
14.11 
(3.23) 
56.08 
(23.51) 
Under wt 
n=253 
2075 
(475.18) 
68.13* 
(14.62) 
551.61* 
(360.33) 
26.35 
(9.05) 
585* 
(309.35 
1.93 
(1.47) 
0 92 
(0.32) 
10.93 
(3.12) 
49.15 
(25.59) 
Standard deviation of mean in parenthesis. 
* P>0.05 ** P<0.01 
The mean daily intake of nutrient for normal and underweight girls are 
shown in Table LVI. 
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Table - LVI 
Mean daily intake of nutrient by normal and underweight girls according 
to age group 
Food 
Groups 
Calories 
(kcl) 
Protein 
(g) 
Calcium 
(mg) 
Iron (mg) 
Vitamin 
A Retinol 
Hg/d 
Thiamin 
(mg) 
Ribofiavi 
n(mg) 
Niacin 
(mg) 
Vit.C 
(mg) 
5-6 
Normal 
n=39 
1654 
(353,19) 
49.30 
(31.35) 
469.01 
(392.11) 
U.67 
(7.41 
427 
(201.52) 
1.40 
(1.20) 
1.13 
(0.33) 
11.22 
(3.90) 
37.89 
(26.51) 
Under wt 
n=217 
1559* 
(417.34) 
47.14 
(32.8) 
383.29* 
(293.25) 
12.67 
(6.79) 
401 
(307.59) 
1.13 
(9.29) 
1.1 
(0.56) 
10.54 
(3.12) 
31.51 
(53.13) 
7-9 
Normal 
n=29 
1858 
(437.35) 
58.56) 
(36.15) 
522.34 
(315.74) 
\U\ 
(7.32) 
423 
(360.34) 
1.94 
(1.02), 
1.2 
(0.14) 
12.67 
(4.59) 
40.15 
(31.78) 
Under wt 
n=333 
1775** 
(290.15) 
52.74 
(23.51) 
427.35 
(345.36) 
16.52** 
(13.14) 
418 
(332.50) 
1.15 
(9.25) 
1.1 
(0.35) 
11.49 
(3.09) 
39.90 
(54.37) 
10-12 
Normal 
n=17 
2130 
(259.08) 
64.70 
(47.05) 
580.06 
(437.12) 
26.72 
(5.94) 
498 
(259.80) 
2.04 
(1.10) 
1.2 
(0.39) 
16.5 
(2.50) 
50.79 
(39.70) 
Under wt 
N=349 
1830** 
(352.71) 
60.35 
(25.55) 
460.26 
(415.82) 
25.45 
(13.50) 
450** 
(325.70) 
1.85 
(1.53) 
1.1 
(0.42) 
14.75 
(3.78) 
47.75* 
(51.03) 
13-15 
Normal 
n=129 
2320 
(373.52) 
74.58 
(41.02) 
664.79 
(232.72) 
27.12 
(11.32) 
448.09 
(120.29) 
2.05 
(1.20) 
1.2 
(0.46) 
14.11 
(3.23) 
56.08 
(23.51) 
Under wt 
n=251 
2075 
(475.18) 
68.13* 
(14.62) 
551.61* 
(360.33) 
26.35 
(9.05) 
585* 
(309.35 
1.93 
(1.47) 
0.92 
(0.32) 
10.93 
(3.12) 
49.15 
(25.59) 
Standard deviation of mean in parenthesis. 
* P>0.05 ** P<0.01 
The average calorie intake was found to be deficient for all age groups 
except 5-6 years children. The intake of protein differs significantly for 10-12 years 
for normal and underweight children. The same trend was found in the average 
intake of calcium also. In case of vitamin A intake the differences were significant 
for all ages except in the age group 13-15 years. No significant differences were 
observed for riboflavin and niacin intake. Contrary to boys, the girls showed 
significant differences for average thiamine intake. The average intake of vitamin C 
also differ significantly in normal and under weight children. The result revealed 
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that the average intake were inadequate for all the nutrient except for calcium, 
thiamine and riboflavin and were below the recommended daily allowances. Similar 
findings were also reported by Rao et al. (1984), Das (1998). 
The significant differences in the intake of both food groups and nutrients by 
normal and underweight children found in this study confirmed the hypothesis that 
food and nutrient intake are significantly associated with nutritional status of the 
children. 
4.6 Deficiencies Signs and Symptoms 
Clinical manifestation of nutritional deficiencies and excesses were observed 
though examination for presence of any clinical signs and symptoms. Nutritional 
deficiency signs were observed for each child included in the study. Jelliffe (1966) 
emphasized that instead of taking isolated clinical signs to diagnose deficiency of 
particular nutrient it is most helpful if the signs were grouped together to form a 
pattern, the more numerous the signs present in one group, the more probable the 
diagnosis of deficiency of particular nutrient. The concept of "Key organ" was 
housed on the association of certain signs with a given nutrition deficiency such as 
angular stomatitis in riboflavin deficiency. This concept is no longer hold true 
because the sign lack specificity and the diet of the community is unlikely to be 
deficient in one nutrient only. The interpreting of clinical signs can best be made by 
"grouping" which has been commonly found to form a pattern associated with the 
deficiency of particular nutrient. In the present study the grouping of signs was 
made as follows. 
1. Signs of vitamin A deficiency: Bitots spots, conjunctival xerosis, corneal 
xerosis, keratomalacia, xerosis of skin, foUicullar hyperkeratosis. 
2. Signs of vitamin B complex deficiency: Angular stamatitis, cheilosis, 
glossitis, and atrophic bingual papillae. 
3. Signs of dental caries: Post erruptive, softening of hard tooth tissue, oral 
lessions cavity, DMF Index.' 
4. Signs of iron deficiency: Pale conjunctiva, atrophic bilingual papillae. 
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5 Signs of goitre Enlargement of the thyroid gland, endemic goitre, mental 
and physical retardation, neuro motor dysflinction. 
This grouping pattern was also adopted by the studies carried by Verma et al 
(1998), Mukta et al (1998) Das (1998) Ingale (1985) Sujatha (1997) Iyer (1998) etc. 
Signs of vitamin A deficiency like conjucntivel xerosis and Bitot's spots, 
signs of vitamin B complex deficiency like angular stomititis, cheilosis and 
glossitis, dental caries conjunctival pallor, and goitre were found to be prevalent in 
the present study in both boys and girls. 
Statistical, analysis showed that overall prevalence of anemia as presented in 
Table LVII was 29.86 per cent with 32.33 per cent in girls and 27.09 per cent in 
boys. The highest prevalence of anemic was found to be at the age of 11 year old 
girls 40.49 per cent followed by 7 years with 38.01 per cent and 10 year old girls 
with 34.67 per cent. The minimum prevalence 23.38 per cent was found in 15 years 
of age in girls. The differences were found to be statistically significant at P<0.01. It 
was firrther observed that prevalence of anemia was inversely proportional to age 
34.91 per cent in young girls (5 to 11 years) compared to 27.95 per cent in older 
girls (12 to 15 years). These findings were in accordance with observations made 
earlier by Anand et al (1999) in rural North India. In boys the highest prevalence 
was found in 9 years 35 per cent followed by 8 years 34 per cent and 7 and 11 years 
33 per cent. As in girls the minimum prevalence was found in 15 year old boys with 
12,39 per cent. Both in case of boys and girls it was noted that the prevalence of 
anemia was higher near the age at the take-off points (up to 11 years) but decreased 
as age advanced in both the gender. Thus proving the second hypothesis that the 
nutritional deficiencies will be more in younger than the older children. Girls had a 
significantly higher number x^ = 5.39, df=l, p<0 05 of anemia except at 5 years, 6 
years, 8 years and 9 years in comparison to boys proving that prevalence of anemia 
is more in girls than boys. In comparison with the other Indian studies, the 
prevalence of anemia in boys and girls in the present study were lower than the 
prevalence of anemia reported by Verma et al (1998) Kapoor and Aneja (1991) and 
Shesshadri (1997) but were higher in comparison to the studies of Ingale (1985) 
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Vasanthi et al (1994), Sujatha (1997), Mohaptra (1998). The study also observed 
that the prevalence of anemia varies according to socio economic status. It was 
noted that a well-defined upward trend in the prevalence with deteriorating family 
income with regard to distribution of anemia. The present findings indicated a 
growing need for intervention to arrest the high prevalence of anemia. 
Table - LVII 
Prevalence of iron deficiency signs in 2582 children age wise. 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
1218 
Boys 
N 
70 
70 
67 
66 
65 
84 
8! 
87 
93 
99 
106 
888 
P 
30 
30 
33 
34 
35 
35 
40 
32 
28 
18 
15 
330 
P% 
30 
30 
33 
34 
35 
29.41 
33.05 
26.89 
23.14 
15.38 
12.39 
27.09 
No 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
1364 
Anemia 
Girls 
N 
89 
86 
75 
80 
79 
81 
72 
80 
92 
94 
95 
923 
P 
42 
39 
46 
40 
42 
43 
49 
41 
38 
32 
29 
441 
% 
32.06 
31.20 
38.01 
33.33 
34.71 
34.67 
40.49 
33.88 
29.23 
25.33 
23.38 
32.33 
No. 
231 
225 
221 
220 
221 
243 
242 
240 
251 
243 
245 
2582 
Total 
N 
159 
156 
142 
146 
144 
165 
153 
167 
185 
193 
201 
1811 
P 
72 
69 
79 
74 
77 
78 
89 
73 
66 
50 
44 
771 
P% 
31.16 
30.66 
35.74 
33.63 
34.84 
32.09 
36.71 
30.41 
26.29 
20.59 
17.95 
29.86 
N = Normal P=Prevalence 
P% = Prevalence percentage 
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In contrast to highest prevalence of underweight, stunting and wasting and 
other nutritional deficiency signs, the prevalence of vitamin A deficiency sign was 
found to be the low. The total overall prevalence was found to be 13.86 per cent. As 
observed for the other nutritional status and anemia the prevalence was higher 14.95 
per cent in girls in comparison to boys 12.64 per cent and as such there was no 
proportional increase or decrease according to the age (Table LVIII). 
Table - LVIII 
Prevalence of vitamin A deficiency sign in 2582 children age wise. 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
1218 
Boys 
N 
88 
86 
85 
84 
87 
101 
109 
102 
107 
105 
110 
1064 
P 
12 
14 
15 
16 
13 
18 
12 
17 
14 
12 
11 
154 
% 
12 
14 
15 
16 
13 
15.92 
9.915 
14.28 
11.57 
10.25 
9.09 
12.64 
No 
131 
125 
121 
120 
121' 
124 
121 
121 
130 
126 
124 
1364 
Vitamin A 
Girls 
N 
120 
109 
101 
102 
102 
108 
99 
101 
106 
110 
112 
1160 
P 
21 
16 
20 
18 
19 
16 
22 
20 
20 
24 
16 
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% 
16.03 
12.81 
16.52 
15.01 
15.70 
12.90 
17.74 
16.52 
18.46 
12.69 
9.67 
14.95 
No. 
231 
225 
221 
220 
221 
243 
242 
240 
251 
243 
245 
2582 
Total 
N 
198 
195 
186 
186 
189 
209 
208 
203 
213 
215 
222 
224 
P 
33 
30 
35 
34 
32 
34 
34 
37 
38 
28 
23 
358 
% 
14.28 
13.33 
15.83 
15.45 
14.47 
13.99 
14.04 
15.41 
15.13 
11.52 
9.38 
13.86 
N = normal P = Prevalence 
In girls the highest prevalence was found to be at the age of 13 years 18.46 
per cent followed by 17.74 in 11 years and 16.52 per cent in 7 years with a 
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minimum of 9.67 per cent in 15 year old girls. The difference was significant at 
(P<0.05). In boys the highest prevalence 15.92 per cent was at the age group 10 
years followed by 15 per cent at 7 years and 14.28 per cent at 12 years with 9.09 per 
cent at 15 years. In both the genders the prevalence rate used to decrease in older 
children after 13 year of age. As observed earlier for other indices girls had a higher 
prevalence of vitamin A in comparison to boys except at 6 years, 8 years and 10 
years. However the differences were not significant (X = 2.7, df=l, P>0.005). 
In comparison to the other Indian studies done so for the findings of the 
present study were higher than the observations made by Agarwal et al (1999) 
Mukta et al (1998), Das et al (1998) and Sujatha (1997) but are lower in comparison 
to the findings of Mohaptra et al (1998) and Ingale (1985). 
The signs of vitamin M cemptec deficiency like angular stomatitis, chieliosis 
and glossitis as shown in Table LIX were observed in 15.80 per cent children. In 
girls the prevalence of vitamin B complex 18.18 per cent was observed to be higher 
than the boys 13.13 per cent with signs of vitamin B complex deficiencies. 
The prevalence of vitamin 13 complex deficiency was found to be high in 
younger children up to 12 years. In girls the highest prevalence was observed in 11 
years with 20.66 per cent followed by 20 per cent in 6 years and 18.18 per cent in 
12 years with the lowest at the age of 14 years with 15.87 per cent. The differences 
were significant at (P<0.05). For boys the highest 18 per cent was observed in 5 
year old children followed by 10 years and 12 years age groups with prevalence of 
15.96 per cent and 15.12 per cent respectively. The minimum prevalence of signs of 
vitamin B complex 8.26 was found in 15 years age group children. The differences 
were significant at P<0.05. 
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Table - LIX 
Prevalence of B complex deficiency signs in 2582 children age wise. 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
1218 
Boys 
N 
82 
85 
89 
86 
87 
100 
106 
109 
104 
107 
111 
1058 
P 
18 
15 
11 
14 
13 
19 
15 
18 
17 
10 
10 
160 
P% 
18 
15 
11 
14 
13 
15 96 
12 39 
15 12 
14 04 
8 54 
8 26 
13 13 
' 
No 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
1364 
B Complex 
Girls 
N 
120 
100 
100 
96 
98 
100 
96 
99 
107 
106 
104 
1116 
P 
21 
25 
21 
23 
24 
25 
22 
23 
20 
26 
20 
248 
P% 
16 03 
20 
17 35 
1916 
19 
19 35 
20 66 
18 18 
17 69 
15 87 
1612 
18.18 
No 
231 
225 
221 
20 
221 
243 
242 
240 
251 
243 
245 
2582 
Total 
N 
192 
185 
189 
182 
185 
200 
202 
200 
211 
213 
215 
2172 
P 
39 
40 
32 
38 
36 
43 
40 
40 
40 
30 
30 
408 
P% 
16 88 
17 77 
14 47 
17 27 
16 28 
17 67 
16 52 
15 66 
15 93 
12 34 
12 24 
15 80 
N = Normal P = Prevalence 
P% - prevalence percentage 
The statistical analysis revealed that the prevalence of vitamin B complex 
deficiency to be high in girls in con^parison to boys for all ages except at 5 years. In 
girls the prevalence of vitamin B complex 18.18 per cent was more than boys 13.13 
per cent with signs of vitamin B complex deficiency. A statistically high 
significance (x = 11.82, df=l, P<0.001) was observed. The findings of the present 
study, in comparison to other Indian studies were higher than the observations made 
by Das (1998); Sujatha (1997); Mohaptra (1998) and Rao et al (1961) but correlates 
with Ingale (1985) study of Nagpur children. 
202 
The high prevalence of signs of vitamin A and vitamin B complex 
deficiencies were also manifested by a majority of the children complaining pain in 
lower and upper extremities, pain in eyes, head aches with a tendency to tired soon 
and very often, which obviously hinder the outcome of their full capabilities and 
immediately call for exclusive and extensive intervention in all school children 
irrespective of economic constraints to combat these problems, so that they can 
utilize their ftiU potentials and capabilities in building their future as well as the 
future of the nation. 
Statistical analysis Table LX revealed that 37.02 per cent of children had 
shown clinical signs of dental caries. National Nutrition Monitoring Bureau (1991) 
reported that though prevalence of dental caries is common with all age groups, its 
peak prevalence was observed in the school age group. The prevalence was found to 
be higher 37.51 per cent in older children from 11 to 15 years in comparison to 
33.50 per cent in younger children up to 10 years. The prevalence was found to be 
highest in 15 years for both girls and boys 38.6 per cent and 39.6 per cent 
respectively. As per the observation made by NNMB, 1991, male children seem to 
suffer more than female children. In the present study also it was found that the 
overall prevalence was more 39.16 per cent in boys in comparison to girls with 
35.11 per cent and were found significant %= 5.26, df- 1, P<0.05) but were 
contrary to the findings of Sujatha (1997) who observed a reverse trend in dental 
caries being more in girls than boys. In comparison to other Indian studies, the 
present study findings were higher with regard to the observation made by Sujatha 
(1997) but were lower in comparison to Agarwal et al (1999). The high prevalence 
of dental caries found in boys than girls is in contradiction to the hypothesis that the 
prevalence will be more in girls than boys, but for other nutritional deficiencies the 
result conform the hypothesis with regard to prevalence in younger and older 
children. The hypothesis hold true only for anemia and B complex where as for 
vitamin A and dental caries the result does not conform the hypothesis. 
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Table - LX 
Prevalence of dental caries in 2582 children age wise. 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
No. 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
1218 
Boys 
N 
61 
62 
57 
59 
60 
74 
76 
72 
75 
72 
73 
737 
P 
39 
38 
43 
41 
40 
45 
45 
47 
46 
45 
48 
481 
P% 
39 
38 
43 
41 
40 
37.81 
37.19 
39.49 
89.01 
38.46 
39.66 
39.16 
No 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
1364 
Dental Caries 
Girls 
N 
93 
85 
81 
79 
75 
77 
78 
76 
85 
80 
76 
885 
P 
38 
40 
40 
41 
46 
47 
43 
45 
45 
46 
48 
479 
P% 
29 
32 
33.05 
34.16 
38.01 
37.90 
35.53 
37.1 
34.61 
36.5 
38.6 
35.11 
No. 
231 
225 
221 
220 
221 
243 
242 
240 
251 
243 
245 
2582 
Total 
N 
154 
147 
138 
138 
135 
142 
154 
148 
160 
152 
149 
1622 
P 
77 
78 
83 
82 
36 
92 
88 
92 
91 
91 
96 
960 
P% 
33.33 
34.66 
37.55 
37.27 
38.91 
37.86 
36.36 
38.33 
26.25 
37.41 
39,18 
37.18 
N = Normal P = Prevalence 
P% = Prevalence percentage 
4.7 Iodine Deficiency Disorder - Clinical Findings 
The clinical examination for the prevalence of goiter was done according to 
Stanbury's classification. Though this classification categorized five grades of 
goitre, OB, grades I, II, III and IV, with OA as normal, but in the present study 
signs of grade III and IV were not found, and therefore, these categories were not 
included in the analysis and thus not included in the table for both girls and boys. 
The sum of OB, grade I and grade II provided the total goitre rate (TGR) i.e. 
prevalence of goitre in children. 
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The result of the cHnical examination of goitre of 1218 boys age wise 
according to the Stanbury's classification are given in Table LXI. Eighty-five 
children in the present study out of 1218 boys were found with the signs of different 
grades of goitre. The prevalence of goiter in different grades were found to be 3.7 
per cent in OB grade, 2.1 per cent in grade I and 1.1 per cent in grade II with an 
overall prevalence of 6.97 per cent. The prevalence was found to be highest 12.60 
per cent in 10 years age group followed by 8.54 per cent in 14 years and 8 per cent 
for 8 year age group. 
Table - LXI 
Overall goitre prevalence in 1218 boys according to age 
Age 
(Yr.) 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
Total 
Number 
Studied 
100 
100 
100 
100 
100 
119 
121 
119 
121 
117 
121 
1218 
OA(N 
No. 
97 
96 
93 
92 
93 
104 
113 
112 
113 
107 
113 
1133 
ormal) 
% 
97 
96 
93 
92 
93 
87.39 
93.38 
94.11 
93.38 
91.45 
93.38 
93.02 
Grades of goitre 
No. 
2 
2 
3 
5 
3 
8 
3 
4 
5 
6 
4 
45 
OB 
% 
2 
2 
3 
5 
3 
6.72 
2.47 
3.36 
4.13 
5.12 
3.30 
3.7 
Grade I 
No. 
1 
1 
3 
2 
2 
4 
3 
2 
2 
3 
3 
26 
% 
1 
1 
3 
2 
2 
3.36 
2.47 
1.68 
1.65 
2.56 
2.47 
2.1 
Grade 11 
No. 
0 
1 
1 
1 
2 
3 
2 
14 
% 
0 
1 
1 
1 
2 
2.52 
1.65 
0.84 
0.82 
0.85 
.82 
1.14 
Total 
Prevalence 
of Goitre 
No. % 
3 
4 
7 
8 
7 
75 
8 
8 
8 
10 
8 
85 
3 
4 
7 
8 
7 
12.60 
6.61 
6.72 
6.61 
8.54 
6.61 
6.97 
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Out of 1364 girl's 249 girls (18.25%) showed symptoms of goiter with 9.5 
per cent in OB, 6.4 per cent in grade I and 2.3 per cent in grade II categories (Table 
LXII). As in case of boys the highest prevalance was found to be 33.87 per cent in 
10 years age group children followed by 23.14 per cent in 12 years and 21.48 per 
cent in 9 years age group. 
Table - LXII 
Overall goitre prevalence in 1364 girls according to age 
Age 
(Yr.) 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
Total 
Num 
ber 
Studi 
ed 
131 
125 
121 
120 
121 
124 
121 
121 
130 
126 
124 
1364 
O A (Normal) 
No. 
118 
108 
103 
98 
95 
82 
99 
93 
108 
196 
105 
1115 
% 
90.07 
86.4 
85.12 
81.66 
78.51 
6,12 
81.81 
76.85 
83.07 
84.12 
84.67 
81.74 
Grades of Goitre 
OB 
No. 
8 
11 
10 
10 
12 
12 
12 
18 
15 
12 
10 
130 
% 
6.10 
8.8 
8.26 
8.33 
9.91 
9.67 
9.91 
14.87 
11.53 
9.52 
8.06 
9.5 
Grade I 
No. 
3 
4 
7 
10 
11 
24 
7 
7 
4 
5 
5 
87 
% 
2.29 
3.2 
5.78 
8.33 
9.09 
19.35 
5.78 
5.78 
3.07 
3.96 
4.03 
6.4 
Grade II 
No. 
2 
2 
1 
2 
3 
6 
3 
3 
3 
3 
4 
32 
% 
1.52 
1.6 
0.82 
1.66 
2.47 
4.83 
2.47 
2.47 
2.30 
2.38 
3.22 
2.3 
Total 
Prevalence 
of Goitre 
No. % 
13 
17 
18 
22 
26 
42 
22 
28 
22 
20 
19 
249 
9.92 
13.6 
14,87 
18.33 
21,48 
33,87 
18,18 
23,14 
16,92 
15,87 
15,32 
18.25 
On comparison with boys, the girls showed an overall higher prevalence 
18.25 per cent than boys prevalence of 6.97 per cent. The differences on prevalence 
of goiter among boys and girls were found to be highly significant at (x^ =71.71, 
df=l, P<0.01%). These findings were in accordance with the findings of the earlier 
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studies like Brahmbhatt et al (2001) in Borada, Singh et al (2001) in Thailand 
children, Kapil (1995) in Delhi children. Several other authors in India as well as 
abroad had reported a similar female preponderance of higher prevalence. In a study 
conducted by ICMR (1989) it was found that female/male ratio of prevalence of 
goitre, the commonest manifestation of environmental iodine deficiency, was 3.5 
(Vishakapatnam) 3.0 (Central Manipur) 3.6 (Nilgiri) and 2.3 (Mirzapur). Dwivedi 
(1978) mentioned that 16.98 per cent males and 25.89 per cent females were 
affected in Shahdol (M.P.).Gerasimov (1993) also observed female preponderance 
of goitre prevalence in the province of Moscow. Oliveira et al (1991) also reported 
high goitre prevalence in females (53%) as compared to males (22%) in Guinea-
Bissau. Francis (1990) too, reported that after puberty girls were affected much 
more than boys. However other studies Sohal et al (1998) in Himachal Pradesh, 
Kapil et al (1998) in Pondechery, Jayshree (2001) in Karnataka and Mittal et al 
(1995), Kapil et al (1995) in Delhi school children, did not find any differences in 
prevalence rate of goiter between boys and girls. 
Age wise analysis revealed that the overall prevalence to be highest 23.45 
per cent in the age group of 10 years followed by 14.63 and 14.58 for 9 year and 12-
year age group. The minimum prevalence 6.92 per cent was found to be in 5-year-
old children. The differences were significant at x^=18.43, df=l, P<0.01%). Kapil et 
al (1998) in their study on school children of Delhi also observed the highest 
prevalence rate in 10 year-old children. 
The overall prevalence of goiter both in boys and girls are presented in 
Table-LXIII. The analysis revealed the total prevalence to be 12.93 per cent, with 
6.77 per cent in OB grade, 4.37 per cent in I grade and 1.78 per cent in II grade of 
goiter. 
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Table - LXIII 
Overall goitre prevalence ih 2582 boys and girls according to age 
Age 
(Yr.) 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
Total 
Number 
Studied 
231 
225 
221 
220 
221 
243 
242 
240 
251 
243 
245 
2582 
OA(N 
No. 
215 
204 
196 
190 
188 
18 
212 
205 
221 
213 
218 
2248 
ormal) 
% 
93.07 
90.66 
88.68 
86.36 
85.06 
6.54 
87.60 . 
85.41 
88.04 
87.65 
88.97 
87.06 
Grades of Goitre 
OB 
No. 
10 
13 
13 
15 
15 
* 
20 
15 
22 
20 
18 
14 
175 
% 
4.32 
5.77 
5.88 
6.81 
6.78 
8.23 
6.19 
9.16 
7.96 
7.40 
5.71 
6.77 
Grade I 
No. % 
4 
5 
10 
12 
13 
28 
10 
9 
6 
8 
8 
113 
1.73 
2.22 
4.52 
5.8)5 
11.52 
4.13 
3.75 
2.39 
3.29 
3.26 
4.37 
Grade II 
No. 
2 
3 
2 
3 
5 
9 
5 
4 
4 
4 
5 
46 
% 
0.86 
1.33 
0.90 
1.36 
2.26 
3.70 
2.06 
1.66 
1.59 
1.64 
2.04 
1.78 
Total 
Prevalence 
of Goitre 
No. % 
16 
21 
25 
13 
33 
57 
30 
35 
30 
30 
27 
334 
6.92 
9.33 
11.31 
13.63 
14.63 
23.45 
12.39 
14.58 
11.95 
12.34 
11.82 
12.93 
Projecting the school goitre surveys results directly to the general population 
to which the schools belong was first recommended by a WHO study group in 1952 
and thereafter has been internationally accepted WHO (1994). It was recommended 
that if more than 5 per cent of school age children were suffering from goitre, the 
area should be classified as endemic to iodine deficiency. In the present study, the 
total goitre prevalence rate of 12.93 was found, signifying the existence of iodine 
deficiency in Aligarh city, Utter Pradesh. 
On comparison with other Indian studies on the prevalence of goiter in other 
states, the findings of the present study is lower than the findings of Kapil (1998) 
Rajasthan, Singh (1990) Delhi, Zargar (1995) in Kashmir, Chaturvedi (1996), and 
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Gaur (1989) in Haryana school children, and are higher than the finding of India 
Nutrition Profile (Das, 1998) on Himachal Pradesh Assam, Goa and Haryana, Kapil 
et al (1995), Delhi Bhasin et al (2000), Kapil et al (1998) in Pondicherry, Jayshree 
(2001) and Sohal et al (1998) Himachal Pradesh. 
Further in-depth analysis to ascertain the association of prevalence of goiter 
with selected variables like nutritional status, socio economic status, food habits, 
intake of goitrogenous food, type of salt consumed. Iodine content of salt, Iodine 
content of water consumed were investigated in the children and the results are 
indicated in the following pages. 
4.7.1 Goitre and Nutritional Status 
The analyses revealed that goiter was found to be present even among the 
children with normal nutritional status. 
The prevalence of goitre according to the different nutritional status are 
presented in Table LXIV. In case of boys, 5 boys (2.2%) out of 226 boys in the 
normal category of nutritional status showed the syrhptoms of OB grade of goitre. 
Out of 553 boys in grade I of nutritional status, 23 boys (4.1%) and out of 400 boys 
in grade II of nutritional status 29 boys (7.25%) and out of 39 boys in grade III 
category of nutritional status 28 boys (71.8%) showed the prevalence of different 
grades of goiter. Symptoms of grade I and II goitre were not observed in boys in 
normal category of nutritional status. The goiter prevalence was found to be high in 
boys in grade III of nutritional status. A well defined upward trend on the 
prevalence with increasing grade of nutritional status from normal grade to grade I, 
II and III undernourished children was noticed. This was found to be statistically 
significant (p<0.01). Overall eighty five (6.91%) boys were detected with the 
prevalence of goitre out of 1218 boys. 
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Table - LXIV 
Distribution of 1218 boys according to grades of 
goitre and nutritional status 
Grades of 
Goitre 
OA Normal 
OB 
I 
II 
Total 
Goitre preval-
ence OB+I+II 
Normal 
No. 
221 
5 
0 
0 
226 
5 
% 
97.8 
2.2 
0 
0 
18.4 
2.2 
Nutritional Status 
Grade I 
No. 
530 
12 
7 
4 
553 
23 
% 
95.9 
2.1 
1.3 
0.7 
45.4 
4.1 
Grade II 
No. 
371 
14 
11 
4 
400 
29 
% 
92.8 
3.3 
2.8 
1 
32.8 
7.25 
Grade III 
No. 
11 
14 
8 
6 
39 
28 
% 
28.2 
35.9 
20.00 
15.9 
3.2 
71.8 
Total 
No. 
1133 
45 
26 
14 
1218 
8.5 
% 
93.02 
3.69 
2.13 
1.14 
100 
6.97 
It was observed that out of 214 girls with normal nutritional status 29 
(13.55%) girls showed the symptom of prevalence of goitre with 22 girls (10.28%) 
in OB category and 7 girls (3.27%)) in I grade of goiter. Grade II goiter was not 
observed in girls with normal nutritional status (Table LXV). The total numbers of 
girls in grade I nutritional status were 612. Out of these the overall prevalence of 
goiter was found to be (14.70%)). Out of 460 girls in the grade II nutritional status 
89 girls (19.3%)) and out of 78 girls in grade III nutritional status, the prevalence of 
different grades of goiter was found to be 41 (52.56%)). As observed in boys the 
goiter prevalence was found to be high in girls with grade III of nutritional status. 
Symptom of grade II goiter was found to be high (17.94%)) in the girls with grade III 
nutritional status. The overall prevalence of goitre was observed in 249 (18.25 %) 
out of 1364 girls. The difference in the prevalence of goiter with nutritional status 
was found highly significant statistically (x^= 30.20, df = 3, P<0.01). 
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Table - LXV 
Distribution of 1364 girls according to grades of goitre and nutritional status 
Grades of 
Goitre 
OA Normal 
OB 
1 
II 
Total 
Goitre preval-
ence OB+I+II 
Normal 
No. 
185 
22 
7 
0 
214 
28 
% 
86.4 
10.28 
3.27 
0 
15.7 
13.55 
Nutritional Status 
Grade I 
No. 
522 
48 
35 
7 
612 
90 
% 
85.3 
7.84 
5.71 
1.14 
44.9 
14.70 
' 
Grade II 
No, % 
371 
45 
33 
11 
460 
89 
80.65 
9.78 
7.17 
3.39 
33.4 
19.3 
Grade III 
No. 
37 
15 
12 
14 
78 
41 
% 
47.4 
19.23 
15.58 
17.94 
5.71 
52.56 
Total 
No. 
1115 
130 
87 
32 
1364 
249 
% 
81.74 
9.53 
6.53 
2.34 
100 
18.225 
Prevalence of goitre in both boys and girls according to nutritional status is 
shown in Table LXVI. The same trend as observed for boys and girls separately. 
Out of 440 children in normal grade of nutritional status 34 children (7.72%) were 
found to be suffering from different grades of goitre, Out of 1165 children in grade I 
nutritional status 113 children (9.96%) and out of 860 children in grade II 
nutritional 118 (13.72%)) children showed symptoms of different grades of goitre. 
As noted in both boys and girls the prevalence of goitre in grade III category of 
nutritional status were found to be high, 69 (58.97%)) children out of 117 children 
showed goitre prevalence of different categories of OB, land II grade. 
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Table - LXVI 
Distribution of 2582 children according to grades of goitre and nutritional 
status 
Grades of 
Goitre 
OA Normal 
OB 
I 
II 
Total 
Goitre preval-
ence OB+I+II 
Normal 
No. 
406 
27 
7 
0 
440 
34 
% 
92.27 
6.13 
1.59 
0 
17.04 
7.72 
Nutritional Status 
Grade I 
No. 
1052 
60 
42 
11 
1165 
113 
% 
90.30 
5.15 
3.60 
0.94 
45.1 
9.69 
. 
Grade II 
No. 
742 
59 
44 
15 
860 
118 
% 
86.27 
6.86 
5.11 
1.74 
33..3 
13.72 
-
Grade III 
No. 
48 
29 
20 
20 
117 
69 
% 
41.02 
24.78 
17.09 
17.09 
4.53 
58.97 
Total 
No. 
2248 
175 
113 
46 
2582 
335 
% 
87.06 
6.77 
4.37 
1.78 
100 
12.93 
The findings of the present study revealed that though prevalence was high 
in the deteriorating condition of nutritional status, with highest prevalence 58.97 per 
cent in grade III of nutritional status, children with normal nutritional status were 
not spared. As 7.2 per cent children of normal nutritional status were also fDund 
with symptoms of OB grade of goitre, thus calling for immediate interventions to 
control and prevent the iodine deficiency disorders in children irrespective of their 
nutritional status. As earlier studies on prevalence of goitre in different states have 
not covered this aspect to find out the association between the nutritional status and 
prevalence of goitre and hence the relevant data were not available for comparison 
with other studies therefore the present study has-not touched the comparative 
dimension. 
4.7.2 Goitre and Income 
When the prevalence of goitre with different per capita family income was 
analyzed as shown in Table LXVII a slight increase in the rate of prevalence with 
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decreasing income group was observed. The prevalence of grade II goitre in two 
children (0.46 per cent) was prevalent even in class I. The maximum prevalence of 
grade II goitre in 26 children (4.39%) was found in class V. Though there is an 
increased overall prevalence 14.69 per cent of goitre in class V in comparison to 
10.41 per cent prevalence in class I, no significant association (x^=3.56, df=l, 
P>0.05) was found in the differences of prevalence between the two groups. 
Table - LXVII 
Distribution of 2582 children according to grades of goitre and per capita 
family income 
Grades 
of Goitre 
OA 
normal 
OB 
I 
II 
Total 
Goitre 
Prevalence 
OB+I+II 
Class I 
No 
387 
28 
15 
2 
432 
45 
% 
89 15 
6 48 
3 47 
0 46 
16 75 
1041 
Income Groups 
Class 11 
No 
493 
35 
30 
3 
561 
68 
% 
87 87 
6 23 
5 34 
0 53 
2172 
12 12 
Class III 
No 
409 
37 
20 
5 
471 
62 
% 
86 83 
7 85 
4 24 
106 
18 24 
13 18 
Class IV 
No 
454 
44 
18 
10 
526 
72 
% 
89 31 
8 36 
3 42 
190 
20 37 
13 68 
Class V 
No 
505 
31 
30 
26 
592 
87 
% 
85 30 
5 23 
5 06 
4 39 
22 92 
14 69 
Total 
No 
2248 
175 
113 
46 
2582 
334 
% 
87 06 
6 77 
4 37 
178 
100 
12 93 
These findings are similar to the earlier findings in Shahdol district of 
Madhya Pradesh that goitre was found in socio economically poor people. Dwivedi 
(1978) also found that endemic goitre was mainly prevalent in lower income group 
(20.68%). The high prevalence of goitre in lower income group may be due to the 
intake of non-iodized salt, faulty food habits (prolong high intake of goitrogenic 
food), and ignorance about negative effects of iodine deficiency disorders. It was 
observed that income of people was also related to the general awareness regarding 
iodine deficiency disorders. Improvement in the income status will lead to greater 
awareness regarding the problem. This was also confirmed by Dodd and Madan 
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(1993) in Bombay children that the level of awareness increased with improvement 
in socio economic status. The findings of the present study shows a high prevalence 
of goitre with deteriorating income and suggest that the campaign on iodine 
deficiency disorder needs to be further strengthened with special attention to school 
children belonging to lower income status, the most vulnerable group for iodine 
deficiency disorders. In the long run it also leads to improvement in the overall 
socio economic status, as healthy minds and healthy bodies triggers more gainful 
economic activities thereby generating more income. 
4.7.3 Dietary Factors 
Dietary factor play an important role in the causation of iodine deficiency 
disorders particularly goitre. Among the dietary factors, goitrogenes were of great 
concerns. They interfere with the utilization of iodine by the thyroid gland. Dietary 
habit, frequency of goitreogenic substances are discussed in Table LXVIII and 
LXIX. 
Table-LXVIII 
Distribution of 2582 children according to grades of goitre and dietary habits 
Grades of 
Goitre 
OA 
OB 
I 
II 
Total 
Goitre preva-
lence OB+I+II 
Dietary Habits 
Non-Vegetarian 
No. 
1246 
61 
44 
16 
1367 
121 
% 
92.46 
4.46 
3.21 
1.17 
52.94 
9.18 
Vegetarian 
No. 
1002 
114 
69 
30 
1215 
213 
% 
82.46 
9.38 
5.67 
2.46 
47.05 
17.53 
Total 
No. 
2248 
175 
113 
46 
2582 
334 
% 
87.06 
6.77 
4.37 
1.78 
100 
12.93 
It can be seen from the table that maximum number of children (52.94 per 
cent) were non-vegetarian as compared to vegetarians (47.05 per cent). The higher 
percentage of non vegetatian in the sample group was due to preponderance of 
Muslim children who were mostly non vegetarians and some non Muslims who 
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were also non vegetarian. When overall goitre prevalence rate was analyzed 
between the two categories, it was found that the vegetarians showed higher goitre 
prevalence 17.53 per cent than the non-vegetarian with 9.18 per cent of goitre 
prevalence. Dwivedi (1978) reported a higher rate of goitre prevalence in pure 
vegetarians in Shahdol district (Madhya Pradesh). In order to ascertain the 
association between prevalence of goitre and dietary habits j ^ test was applied . On 
analysis a highly significant relationship (x =43.26,df=l,P<0.001) was established. 
Distribution of children according to intake of goitrogenic food indicate that 
a majority of the children 982 (30.03%) fall in none category, followed by twice in 
week 749 (29.00%), once in a week 593 (22.96%) and thrice in a week. 258 
(9.99%)). But on further analysis it was observed that though number of children in 
tlirice a week category were less comparatively, the prevalence of goitre rate was 
high (47.67%)) in comparison to other categories with the lowest prevalence rate in 
none category (4.78%)), who were not taking the goitrogenic food. The differences 
in the prevalence of goitre were found significant statistically (x = 68.2, df=l, 
P<0.01). 
Effects of goitrogens have been studied in rats but their effects on human 
beings were yet to be studied. ICMR (1989) made an interesting observation that 
endemic goitre was more common in tribals (25.2%)) and tea state workers (23.6%)) 
as compared to non tribals (19.4%). One of the factors for these differences was 
suspected to be the consumption of goitrogenic food by the tribals and tea estate 
workers. WHO (1991) has reported that intake of goitrogens (e.g. through eating 
cassava) interferes with the normal intake and metabolism of iodine and may 
amplify the effect of iodine deficiency. 
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Table - LXIX 
Distribution of 2582 children according to grades of goitre and intake of 
goitrogenic food 
Grades of 
Goitre 
OA Normal 
OB 
I 
II 
Total 
Goitre preva-
lence OB+I+II 
OnceAVeek 
No. 
528 
55 
4 
6 
593 
65 
% 
89.03 
9.27 
0.69 
1.01 
22.96 
10.96 
Intake of Goitrogenic food 
Twice/week Thrice/week 
No. ,% No. % 
650 
42 
46 
11 
749 
99 
86.78 
5.60 
6.4 
1.46 
29.00 
13.21 
135 
49 
50 
24 
258 
123 
52.32 
18.99 
19.37 
9.30 
9.99 
47.67 
None 
No. 
935 
29 
13 
5 
982 
47 
% 
95.21 
2.95 
1.32 
0.50 
30.03 
4.78 
Total 
No. 
2248 
175 
113 
46 
2582 
334 
% 
87.06 
6.77 
4.37 
1.78 
100 
12.93 
4.7.4 Goitre and Salt 
It is evident from Table LXX that the percentage of children consuming 
iodized branded salt was higher than the percentage of children consuming non 
iodized (coarse non branded open salt, crystalline). It was observed that 70.48 per 
cent of children consumed iodized salt, where as 29.52 per cent children consumed 
non iodized salt. 
Table - LXX 
Distribution of 2582 children according to grades of goitre & type of salt 
Grades of Goitre 
OA normal 
OB 
I 
II 
Total 
Goitre prevalence 
Type of Salt 
Powdered Salt 
No. 
1638 
93 
67 
22 
1820 
182 
% 
90 
5.10 
3.68 
1.20 
70.48 
10 . 
Crystalline Salt 
No. 
610 
82 
46 
24 
762 
152 
% 
80.05 
10.76 
6.03 
3.14 
29.52 
19.94 
Total 
No. 
2248 
175 
113 
46 
2582 
334 
% 
87.06 
6.77 
4.37 
1.78 
100 
12.93 
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These findings were in contradiction to the findings of Singh et al (2001) in 
Thailand, who found that most of the salt used (85.2%) was not iodized. However 
the findings of the present study were more or less similar with the findings of Kapil 
et al (2000) in 282 districts of India that more than 90 per cent of the salt samples 
were iodized. In another study on school children of Delhi Kapil et al (1998) found 
that 78.6 per cent salt samples were powdered and 21.4 per cent were of crystalline 
variety. On analysis it was further observed in the present study that the overall 
prevalence of goitre was low (10%) in children taking iodized branded salt in 
comparison to children (19.94%) taking non-iodized branded coarse or open salt. 
The differences in the prevalence rate between iodized salt and non-iodized salt 
were found to be statistically significant. (x^=46.51,df=l,P<0.01) in the Aligarh 
city. 
When the consumption of salt with social class was examined as shown in 
Table LXXI it was found the consumption of iodized salt was found mainly in class 
I income group (93.05%). On the other hand maximum number of children (75.50) 
in class V income group were consuming non-iodized salt. These findings clearly 
indicate that the consumption of iodized salt increases as the income improves. 
Similar finding were also reported by Dodd and Madan (1993) in urban slums of 
Bombay. According to their findings 60 per cent of high-income group and 44 per 
cent of middle-income group were taking iodized powdered salt and 95 per cent of 
the people in the class V income group were consuming coarse salt. 
Table - LXXI 
Distribution of children according to type of salt and per capita family income 
Type of 
Salt 
Powder 
Salt 
Crystalline 
salt 
Total 
Class I 
No. 
402 
30 
432 
% 
93.05 
6.94 
16.75 
Income Groups 
Class II 
No. 
521 
40 
561 
% 
92.86 
7.13 
21.7 
• Class III 
No. 
381 
90 
471 
% 
80.89 
19.10 
18.24 
Class IV 
No. 
371 
155 
526 
% 
70.53 
29.46 
20.37 
Class V 
No. 
145 
447 
592 
% 
24.49 
75.50 
22.92 
Total 
No. 
1820 
762 
2582 
% > 
70.48 
29.51 
100 
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For analysis of iodine content of salt, children were given auto seal 
polythene pouches and asked to bring at least 20 gm of salt which was routinely 
consumed in their respective homes. The iodine content of the salt was estimated by 
the spot testing kit (STK). The STK has a sensitivity of 85% and specificity of 71% 
(Kapil, 1996). The iodine content of salt samples collected and analyzed are 
depicted in Table LXXII. 
Table - LXXII 
Distribution of salt sample according to the iodine content 
Iodine 
Content 
Nil 
<15 
>15 
Total 
Type of Salt 
Powdered Salt 
No. 
450 
1370 
1820 
% 
24.72 
75.27 
70.48 
Crystalline Salt 
No. 
194 
568 
762 
% 
35.27 
74.54 
29.51 
Total 
No. 
194 
1018 
1370 
2582 
% 
7.51 
39.42 
53.05 
100 
It was observed that a majority of children consume iodized salt. Result 
revealed that 75.27 per cent of the powdered salt had an iodine content of 15 ppm 
and more whereas none of the crystalline salt samples had sufficient iodine content. 
About 35.27 per cent of crystalline salt had no iodine content at all. Further analyses 
revealed that 24.72 per cent of iodized salt and 74.54 per cent non iodized 
(crystalline salt) had an iodine content of 15 ppm and less. Kapil et al (1995) in 
Delhi found that salt samples (90 %) of non iodized (crystalline salt) as compared to 
the powdered salt sample (43%)) had an iodine content of less than 15 ppm. In 
another study on school children, Kapil et al (1998) found that 51.4 per cent of 
powdered salt sample and 95.3 per cent of crystalline salt samples had less than 15 
ppm of iodine. 
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It was further observed that overall 194 salt samples had a nil iodine content 
indicating that about 7.51% children consume salt with a nil iodine content. This 
clearly shows that out of 334 (12.97%) children who showed symptoms of 
prevalence of goitre about 194 children (7.51%)) consumes slat with nil iodine 
content. These findings were found to be more in comparison to the findings of 
Sohal et al (1998) in Himachal Pradesh where 8.83 per cent prevalence rate of goitre 
was observed, only 2.5 per cent of subject consumed salt with nil iodine content.. 
Kapil et al (2001) also found that the salt consumption, which had nil iodine content 
in 282 districts of India, ranged from 0 to 6 per cent with the exception of Rajasthan 
(31.9%) and Goa (48.9%). In a study in National Capital Territory of Delhi (Kapil, 
1995) the study group found that qnly 1.4 per cent.of the subjects consumes salt 
with nil iodine content. In an another study on school children when the prevalence 
of goitre was 2.6 per cent, Kapil et al (1998) observed that no sah sample had nil 
iodine content but conclude that an average of 82 per cent of salt sample to be less 
than 15 ppm of iodine, which are more in comparison to the finding of the present 
study, where an overall 39.42%) of children were found to be consuming salt with 
iodine content less than 15 ppm. But the present study findings are consistent with 
the finding of the study group in Delhi (1995), who found 41 per cent of children 
consumed salt with iodine content of less than 15 ppm. In an another similar study 
on school children of Delhi, Kapil et al 1998 found 69 per cent of salt samples had 
iodine content of less than 15 ppm. Sohal et al (1998) also found that about 10.8 per 
cent of subjects consumed sah with an iodine content of less than 15 ppm. 
The statistical analysis fiirther revealed that only 53.05 per cent children 
were consuming salt with more than 15 ppm iodine content. These findings were 
more in comparison to the findings of Kapil et al (1998) who observed only 31 per 
cent of the school children in Delhi consuming salt with iodine content more than 
15 ppm, but are low with the Sohal et al (1998) who observed 86.7 per cent 
consumption of salt with more than 15 ppm iodine content and Kapil et al (2000) 
who also found more than 80 per cent salt samples with an iodine content of 15 ppm 
and more. 
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On comparison between Iodine content of salt and prevalence of goitre 
Table LXXIII, it was observed that all the children (194) who were consuming salt 
with nil content of iodine showed different grades of goitre with 25.25 per cent on 
OB grade, 54.12 per cent in grade I and 20.6Iper cent in grade II category. 
Table - LXXIII 
Distribution of 2582 children according to grades of goitre and iodine content 
of salt 
Grades of 
Goitre 
OA 
OB 
I 
II 
Total 
Goitre 
Prevalence 
Iodine Content of Salt 
Nil 
No 
49 
105 
40 
194 
194 
% 
25.25 
54.12 
20.61 
7.51 
100 
<15 
No. 
930 
74 
8 
6 
1018 
88 
% 
91.35 
7.26 
0.78 
0.58 
39.42 
8.6 
>15 
No. 
1318 
52 
1370 
52 
% 
96.20 
3.79 
53.05 
3.79 
Total 
No. 
2248 
175 
113 
46 
2582 
334 
% 
87.06 
6.77 
4.37 
1.78 
100 
12.93 
In comparison overall prevalence of different grades in children who were 
consuming sah with less than 15 ppm was found to be 8.6 per cent. The minimum 
prevalence 3.79 per cent was noticed in children who were consuming salt with 
iodine content more than 15 ppm. Symptoms of grade I and grade II goitre was not 
noticed in the children who were taking salt with iodine more than 15 ppm. 
4.8 Biochemical Examination 
4.8.1 Iodine Content of Water 
ICMR (1989) reported that there was no clear evidence of high correlation 
of goitre prevalence with low iodine content in water. However some of the national 
and international studies discussed in chapter II, showed a positive relationship 
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between low iodine content of water and prevalence of goitre. The data for the 
iodine content of water in Aligarh city was not available. Therefore to know the 
extent of iodine content and to examine the relationship between prevalence of 
goitre and iodine content of water, water samples were collected from six different 
localities of the city and it was clinically analysed. The result indicated iodine 
content ranging from a minimum of 13.5 [ig/L to a maximum of 18.7^g/L from 
different localities (13.5 [ag/L, 14.0 |ig/L, 6.0 [ig/L, 16.5 [ig/L, 17.6 }ig/L and 
18.7[ig/L). The average iodine content was found to be 16.05 [ig/L. Each individual 
water sample as well as the average of all the samples collected falls under the 
sufficient iodine content category and is more than the ICMR prescribed required 
limit of 5 i^ g/L. 
The differences in iodine content of water is not much because Aligarh is a 
small city with an area of 68.97 sq km and the source of water is mainly from the 
suburbs water tables in wells and tube wells and Nagar Nigam (which is also from 
the suburbs water tables) and hence not much variations were found. Due to this, the 
comparative analysis of this variable carmot be undertaken. 
4.8.2 Urinary Iodine Excretion Level 
To ascertain the current urinary iodine level in the children, urine samples 
were estimated and analyzed utilizing standard laboratory method as explained 
earlier in chapter III. 
On the spot urine samples were collected from 20 per cent of the subjects 
(every fifth child included in the study) for biochemical examination of urine iodine 
content. Casual urine sample were collected from five hundred and seventeen 
children comprising of 244 boys and 273 girls 
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Table - LXXIV 
Distribution of 244 boys according to urinary iodine excretion 
level (UIEL) in |xg/dl 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
UIEL 
0<2.0 
No. 
' -
-
-
-
-
-
1 
-
-
-
-
1 
% 
-
-
-
-
-
-
100 
-
-
-
-
0.40 
2.0 - 4.9 
No. 
-
-
-
-
1 
1 
1 
-
-
-
-
3 
% 
-
-
-
-
33.33 
33.33 
33.33 
-
-
-
-
1.22 
(Hg/dl) 
5.0-9.9 
No. 
-
-
-
-
-
6 
% 
-
-
-
-
16.66 
16.66 
16.66 
16.66 
16.66 
16.66 
-
2.45 
>10.0 
No. 
20 
20 
20 
20 
18 
22 
21 
23 
23 
23 
24 
234 
% 
-
-
-
-
7.69 
9.40 
8.97 
9.82 
9.82 
9.82 
10.25 
95.90 
Total 
No. 
20 
20 
20 
20 
20 
24 
24 
24 
24 
24 
24 
244 
% 
8.16 
8.16 
8.16 
S.16 
8.16 
9.83 
9.83 
9.83 
9.83 
9.83 
9.83 
100 
The urinary iodine excretion level of boys and girls were presented in table 
LXIV and LXXV respectively. Out of 244 boys studied it was found that only 1 
(0.40%), 3 (1.22%) and 6 (2.45%) had urinary excretion level of <2, 2-4.9, and 5-
9.9 fig/dl respectively. Two hundred and thirty four children (95.90%) had UIEL 
level of 10 f^ g/dl and above. The median urinary iodine excretion level of boys 
studied was found to be 14.60 |ag/dl. As can be seen from table LXXV the 
maximum number of girls 86.44 per cent had UIEL of > 10.0 |.ig/dl (no iodine 
deficiency) followed by levels between 5.0-9.9 |J.g/dl (8.05) showing mild iodine 
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deficiency and 2.0-4.9 |ag/dl (3.66%) showing moderate iodine deficiency. Only 5 
girls (1.83%) were found to have UIEL of <2.0 |Lig/dl (severe iodine deficiency). 
The overall median urinary iodine excretion of the girls studied was found to be 
11.65 |ag/dl. 
Table - LXXV 
Distribution of 273 girls according to urinary iodine excretion 
level (UIEL) in |xg/dl 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
< 
No. 
-
-
-
-
-
2 
1 
-
I 
1 
-
5 
UIEL (ng/dl) 
2.0 
% 
-
-
-
-
-
40 
20 
-
20 
20 
-
1.83 
2.0 - 4.9 
No. 
-
-
-
-
1 
3 
2 
10 
% 
-
-
-
-
10 
30 
20 
10 
10 
10 
10 
3.66 
5.0-9.9 
No. 
1 
1 
1 
1 
3 
4 
'3 
2 
2 
2 
2 
22 
% 
4.54 
4.54 
4.54 
4.54 
13.63 
18.18 
13.63 
9.09 
9.09 
9.09 
9.09 
8.05 
> 
No. 
25 
24 
23 
23 
20 
16 
18 
21 
22 
22 
22 
236 
10.0 
% 
10.59 
10.16 
9.74 
9.74 
8.47 
6.77 
7.62 
8.89 
9.32 
9.32 
9.32 
86.44 
No. 
26 
25 
24 
24 
24 
25 
24 
24 
26 
26 
25 
273 
Petal 
% 
9.52 
9.15 
8.79 
8.79 
8.79 
9.52 
8.79 
8.79 
9.52 
9.52 
9.15 
100 
It was observed that in boys up to age 8 years in all the children UIEL was 
above > 10 fig/dl and in girls also only mild 5.0-9.9 |iig/dl was observed. The 
maximum overall total prevalence of iodine deficiency 36 per cent was observed in 
10 year old girls whereas for boys the maximum 12.5 per cent was observed in 11 
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years old age group. The overall prevalence 4.09 per cent in boys was very low in 
comparison to the 13.55 per cent prevalence in girls. The differences were 
statistically significant at {y^ = 13.92, df=l, p<0.01). The over all urinary iodine 
excretion level in 517 Children are presented in Table LXXVI. 
Table - LXXVI 
Agewise distribution of 517 children according to urinary iodine excretion 
level (UIEL) in ^g/dl 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
< 
No. 
-
-
-
-
-
2 
2 
-
1 
1 
-
6 
UIEL (|ig/dl) 
2.0 
% 
-
-
-
-
-
33.33 
33.33 
-
16.66 
16.66 
-
1.16 
2.0 - 4.9 
No. 
-
-
-
-
2 
4 
3 
13 
% 
-
-
-
15.38 
30.76 
23.07 
7.69 
7.69 
7.69 
7.69 
2.51 
5.0-9.9 
No. 
1 
1 
1 
1 
4 
5 
4 
3 
3 
3 
2 
28 
% 
3.57 
3.57 
3.57 
3.57 
14.28 
17.85 
14.28 
10.71 
10.71 
10.71 
7.14 
5.41 
> 
No. 
45 
44 
43 
43 
38 
38 
39 
44 
45 
45 
46 
470 
10.0 
% 
9.57 
9.36 
9.14 
9.14 
8.08 
8.08 
8.29 
9.36 
9.57 
9.57 
9.78 
90.90 
Total 
No. 
46 
45 
44 
44 
44 
49 
48 
48 
50 
50 
49 
517 
% 
8.89 
8.70 
8.51 
8.51 
8.51 
9.47 
9.2 
9.2 
9.6 
9.6 
9.47 
100 
When the total iodine urinary excretion level for boys and girls were 
combined and analyzed separately table LXXVII, it was observed that 6 (1.16%), 13 
(2.51%) and 28 (5.41%)) of the children had urinary iodine excretion level < 2, 2-
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4.9, and 5-9.9 i^g/dl respectively. Out of 517 children, 470 children (90.90%) had 
UIEL of 10 |ig/dl and above. The overall median urinary excretion of the children 
studied was found to be 12.64 )a.g/dl. 
Table - LXXVII 
Sexwise distribution of 517 children according to urinary iodine excretion 
level (UIEL) in i^g/dl 
Iodine 
deficiency 
status 
Severe 
Moderate 
Mild 
No deficiency 
Total 
UIEL Mg/dJ 
<2.0 
2.0-4.9 
5.0-9.9 
>10.0 
Boys 
No. 
1 
3 
6 
234 
244 
% 
0.40 
1.22 
2.45 
95.90 
100 
Girls 
No. 
5 
10 
22 
236 
273 
% 
1.83 
3.66 
30.80 
86.44 
,100 
Total 
No. 
6 
13 
28 
470 
517 
% 
1.16 
2.5J 
5.41 
90.90 
100 
WHO/UNICF/ICCID have recommended that no iodine deficiency be 
indicated in a population when median urinary iodine excretion is 10 )J.g/dl, i.e., 50 
per cent of the samples should be above 10 |ag/dl, and not more than 20 per cent of 
sample should be below 5 |Lig/dl WHO (1994). In the present study the median 
urinary iodine excretion of the children studied was 12.64 \xg/d\ indicating that there 
was no biochemical deficiency of iodine in the subjects studied. 
In comparison to the earlier Indian studies the median UIEL of the present 
study was higher than the findings of Bhasin et al (2001) study which shows a 
median UIEL of 9.4 )^ g/dl in school children of east Delhi and Kapil et al (1996) 
who observed median UIEL to be 10 /ig/dl in Bihar. The present findings were less 
than the findings of many other studies carried out in Andaman and Nicobar, Delhi, 
Kerala, Himachal Pradesh, Pondecherry, Rajasthan and Utter Pradesh. Mittal et al 
(1998) reveals that 41.8 per cent in 40 to 12 year old-children studied suffered from 
iodine deficiency as per urine iodine excretion. 
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The statistically significant relationship in the prevalence rate between boys 
and girls p<0.01 and the significantly high p<0.01 differences in the prevalence of 
goitre in younger and older age group conforms the seventh hypothesis of the 
present study. 
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CHAPTER -V 
SUMMARY AND CONCLUSION 
School children constitute a major segment of the Aligarh city whose health 
and nutritional status will indicate the trend of changing nutritional projBle of this 
region. They constitute a large proportion and therefore have a significant effect on 
the overall health status of the population of Aligarh city. It was revealed that only 
one third of the school children that too from higher socio- economic spectrum were 
apparently healthy. This fact serve as an eye opener as any deviation from normal 
health in this age group is likely to have serious consequence in future health and 
well being of people. 
5.1 The Study 
The research work 'A Study of Nutritional Assessment of Urban School 
Children of Aligarh City' was undertaken among 2582 children (1218 boys and 1364 
girls) aged 5 to 15 years studying in I'' to 10* classes in the selected schools of 
Aligarh city. It was designed with the following aims. To assess the status of growth 
and development of school children both boys and girls by using anthropometric 
measurements. To evaluate age and sex wise prevalence of underweight, stunting and 
wasting among school children. To assess the differences in nutritional status by 
child, family and social factors. To study the dietary habits and nutritional intake and 
examine association of food intake and nutritional status. To assess the magnitude of 
nutritional deficiency diseases among school children by general clinical observation. 
To assess the prevalence of Iodine deficiency disorders by clinical and biochemical 
examination of urine iodine excretion level. To study the association between the 
prevalence of Iodine deficiency disorders by child, family and social factors. 
The study related to first objective yielded information on anthropometric 
measurements. It identified anthropometric variations in children, which is indicative 
of under nutrition. It also helped to ascertain the different grades of nutritional status 
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prevailing in cliildren to fulfill the need of second objective. The relevant data on 
child, family and social status served to reveal the degree and extent of cause effect 
relationship of these variables on nutritional status of the children. The clinical 
examination of children helped to reveal the extent of various deficiency diseases 
prevailing in children. The in-depth clinical examination facilitated identification of 
goitre used for screening the children for the presence of different grades of goitre 
prevalence. The clinical data collected has also helped in correlating the various 
social factors that influenced the goitre prevalence. The biochemical analysis for 
iodine content in urine of the children helped in assessing the current iodine status of 
the children. The children were screened for anthropometric measures and for other 
child, family and social status related information. 
The study revealed that the majority of children were either first or second 
bom and had family size of four members or less. The families of the children were 
mostly nuclear. The per capita monthly income of the majority group was less than 
RslOOO per month. Most fathers of the children were college educated and belong to 
the service class. A very low percentage of mothers of the children had college 
education and percentage of the working mothers was also low. 
5.2 Anthropometrical Measures 
The mean weights of the boys in the study were consistently lower than ICMR 
well to do children differing by 2.5 kg to 9.43 kg across the ages. When compared 
with ICMR standard, the boys weighed about 71.4 to 87.01 percent of ICMR 
standards. 
The mean weight of girls was lower than ICMR well to do children differing 
by 3.43 kg to 13.97 kg across the ages and they weighted about 67.43 per cent to 
89.72 per cent of ICMR standards. Mean weight of the boys was marginally better 
than that of the girls. 
Boys were found to be heavier than girls up to 9 years and from 10 to 12 
years, the differences between boys and girls were very marginal and then from 13 
years onward boys surpassed girls in weight. 
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Results on height of boys indicated that boys were shorter than well to do 
boys of ICMR by 2.95 cm to 9.33 cm from 5 to 15 years and were measuring 93.03 to 
98.31 per cent of ICMR standard. 
Girl's stature differed on the negative side of the ICMR standard ranging from 
2.18 to 12.79 cm and showed 88.6 to 96.61 percent of ICMR standard statures. On 
comparison between the mean height of boys and girls, the result indicated that boys 
have significantly higher height than girls except for the age group 7, 8,9, 11 and 12 
years. Adolescent spurt of growth appeared from the 9"^  year onwards in girls and 
from lO' year onward in boys. Maximum gain in height occurred between 10 to 12 
years in girls and from 13 to 15 years in boys. 
On comparison between the mid arm circumference of girls and boys of the 
study, the results revealed that the boys had significantly higher mid arm 
circumference than the girls at age 8,9,11,12 14 and 15 years. 
The result of the triceps skin folds thickness of the girls showed significantly 
greater values than those of boys for all ages except at age group 10 years, where the 
triceps skin fold of girls were marginally lower than boys which may be attributed to 
the onset of pre-adolescent period which occurred earlier in girls than boys. 
The study depicts a meaningful health status of school children of Aligarh. 
The children had lower height and weight as compared to most international and 
national studies. Their growth standards, however, were equally comparable to 
figures only from very few studies reported. 
Increased birth order, literacy and educational level of mothers, ignorance of 
health knowledge, occupational status of mothers, poor hygienic conditions, 
occupational level of both fathers and mothers and income level which in turn affects 
the socio-economic conditions were the main factors that have significant bearing on 
the growth status of the children in the city of Aligarh. 
It can be concluded from the study that Aligarh children were lagging behind 
physical development when compared to ICMR and NCHS standards. The lagging is 
more in weight than in stature and hence, there is a considerable room to improve the 
school children physical status. 
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For assessing the nutritional status of each age group by sex, the weight and 
height measurements were converted into weight for age (underweight), height-for-
age (stunting) and weight for height (wasting) for each child into different nutritional 
grades. 
The percentage of boys showing normal weight for age after statistical 
analysis was found to be 18.6 per cent with 81.4 percent underweight children. When 
grade I, II and III were considered together for boys the prevalence ranged from a 
minimum 57.9 per cent in 15 years to a maximum of 96 per cent for 7 year old. 
In case of girls subject of 5 to 15 years, 15.7 per cent were fovmd to be in the 
normal grade with 84.3 per cent underweight girls. When grade I, II and III 
undernourished children were clubbed together the prevalence of overall 
undernourished children ranged from a minimum of 54.8 per cent in 14 and 15 years 
to 96.7 per cent for 7 year old girls. The overall prevalence of underweight for both 
boys and girls were 82.9 per cent. 
The age wise analysis revealed that for both boys and girls, a higher rate of 
prevalence of undernourishment was observed for the younger age group up to 12 
years of age and from 13 years onwards a comparatively lower prevalence was 
ndoticed in the children studied. 
On comparison of overall prevalence of under nutrition between boys and 
girls, again the girls showed a high prevalence of 84.33 per cent as against 81.4 per 
cent for boys The prevalence of underweight in the study was higher among the girls 
than the boys. The higher prevalence in girls than boy may be attributed to the fact 
that the child rearing practices for male children is more careful than female children 
in our male dominated society. The preferential treatment and feeding of male 
children over female has been commonly observed. 
It was also observed that out of 1218 boys, 56 per cent fall within normal 
range of height for age with 36.8 per cent in grade I, 6.7 per cent in grade II of 
stunting. Only 0.41 per cent of stunting was found in grade III category of stunting 
The analysis revealed that in case of girls, out of 1364 subjects, 36.2 per cent 
were found in the normal grade, with 50.1 per cent in grade I nutritional status, 12.8 
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per cent in grade II nutritional status and 0.9 per cent in grade III nutritional status. 
The overall analysis revealed that the total prevalence of stunting was 54.5 per cent 
with 43.88, 9.95 and 0.6 percent in grade I (mild), grade II (moderate) and grade III 
(significant) stunted children. 
In comparing the growth status of Aligarh children in this study sample with 
other growth studies in India the findings were not in total agreement. It was observed 
that with regard to some studies there was a similarity and for others a high 
prevalence rate was observed in the present study. 
On age wise analysis, the study observed that as in case of underweight a 
higher prevalence of stunting for both boys and girls was found in young children in 
the age group of 5,6 and 9 years with a minimum prevalence in 14 and 15 years. 
It was reported that as long as height-for-age is stable after the minimum age 
of school enrolment (6 years) then there is little or no catch-up growth and heights for 
age at 8 or 9 years reflects the effect of early childhood nutrition. In the present study, 
the children in the age group of 5, 6 and 9 years were found to be suffering from 
higher rates of stunting, thus reflecting the nutritional deprived condition during the 
early years of life. 
On comparison between girls and boys the overall prevalence of stunting 
showed that more girls than boys were experiencing different forms of stunting. 
With respect to wasting of boys 85.5 percent were found to be in normal grade 
with 12.3, 1.8 and 0.3 per cent in grade I, II and III respectively with overall 
prevalence of 14.5 per cent wasting. 
The result relating to prevalence of wasting in girls revealed that 87.5 per cent 
were in normal range with 10.3, per cent in grade I category of wasting, 1.46 per cent 
and 0.73 percent in II and III category of wasting with the overall prevalence of 12.5 
per cent wasting in girls. 
When the prevalence for all the three nutritional grades are considered 
together, the over all prevalence was found to be highest for 12 years with 34.7 per 
cent followed by 15 years with 20.2 per cent and a nil prevalence for 8 years. 
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The higher proportion of malnutrition in children observed in the study calls 
for greater vigilance and more immediate solutions. To strengthen relevant 
intervention programmes for combating the malnutrition among children, it is 
suggested that focused targeting be emphasized. Nutrition education programmes 
should be imparted to schoolchildren. More importantly nutrition advocacy to policy 
makers should be intensified, 
5.3 Personal and Social Factors 
The percentages of children with normal nutritional status were slightly higher 
in children having two siblings 22.18 percent in comparison to 8.1 percent in 7* and 
above bom children. The prevalence of undernourishment was 84.2 per cent in 
children with three or more siblings in comparison to 81.8 per cent in children having 
less than two siblings 
The children belonging to small families show comparatively lower 
prevalence of malnutrition. The prevalence of underweight by family size shows an 
increasing trend with increase in number of family members from 81.4 per cent to 
84.25 per cent 
Nutritional status progressed with increase in mothers as well as fathers 
educational level. The study also found three-time higher prevalence of severe grade 
of malnutrition in children of illiterate mothers. The positive correlation of education 
and the nutritional status, thus emphasize the fact that education is a catalyst of 
change and its role in the process of human resource development cannot be ignored. 
Women's education is also critical for meeting the region specific, demographic and 
health goals in growing urban centers like Aligarh city. 
The lack of basic amenities and awareness about importance of health, 
hygiene and sanitation as well as rearing practices and unhealthy behavior etc. could 
be the cause of association of under nourishment with parental education. Besides the 
socio economic disparities between the children of educated and uneducated parents 
may be a contributory factor for the differences observed. Generally speaking low 
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income and large family size go hand in hand. The effect of these two factors is very 
much expected to influence the nutritional status of the young children. 
Nutritional status of children increase with increase in parental occupational 
level. Further on comparison of prevalence of malnutrition in children between 
paternal and maternal occupation, it was observed that children of occupational 
mothers suffers lesser degree of malnutrition, about 60.16 percent of children in 
comparison to 82.67 percent of malnourished children of paternal occupation. 
With regard to the prevalence of severe degree of malnutrition the analysis 
revealed that there were no children in severe grade of mothers who were engaged in 
professional, service and skilled occupations, but with regard to father's occupational 
level, only professional and service categories did not show any severe grade 
malnourished children. 
An inverse trend was noticed in nutritional status of the children as the income 
decreased. The prevalence of malnutrition in the lower income group was the highest 
in comparison to other income groups 
It was found that relatively low percentage 56.90 percent children of working 
mothers were found to be suffering from malnutrition against 94.56 percent in 
children of non-working mothers. 
The overall prevalence of malnutrition was found to be somewhat high in the 
vegetarian children 84.36 percent in comparison to 81.7 percent in non-vegetarian 
children.. 
No significant relationship was seen between the prevalence rate and religion 
in this study. 
The observations of the study revealed that ordinal position contributes the 
most to the nutritional status followed by education of mother, occupation of father, 
occupation of mother (housewives or working status of mother) and socio-economic 
status. As the problem of malnutrition amongst school children should also be 
addressed at home level, the factors identified in the study are important for the 
development of relevant interventions at the domestic plane. The higher prevalence 
of malnutrition with increasing birth order highlights the need for limiting the family 
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size to improve the nutritional status of these children. Measures like maintenance of 
proper birth spacing between two children, as well as limiting the family size with 
one or two children should be emphasized on urban educated families too. Measures 
like improving the educational level of girl child (would be mother) removal of 
gender discrimination, providing job opportunities to girls so as to improve their 
financial conditions are also the priority issues to improve the nutritional status of 
children. Appropriate multifaceted community based programmes are also required 
for stimulating growth and development of school children 
5.4 Food Intake 
On comparison of food intake between normal and underweight children it 
was found that dietary intake of cereal differ significantly. The study revealed that the 
average consumption of cereal, pulses, meat and other food groups except roots and 
tubers and fats were substantially below the recommended allowances Between boys 
and girls the consumption of milk and meat products were found to be higher for boys 
as compared to girls. 
The average calorie intake was found to be deficient for all age groups except 
5-6 year age group children. The result revealed that the average intake were 
inadequate for the entire nutrient except for calcium, thiamine and riboflavin and 
were below the recommended daily allowances. 
5.5 Nutritional Deficiencies 
Statistical analysis showed that overall prevalence of anemia in Aligarh 
children was 29.86 percent with 32.33 percent in girls and 27.09 percent in boys. 
In contrast to highest prevalence of under weight, stunting and wasting and 
other nutritional deficiency signs, the prevalence of vitamin- A deficiency was low. 
The total overall prevalence was found to be 13.86 with 12.64 per cent in boys and 
14.95 per cent in girls. 
The signs of vitamin B complex deficiency like angular stomatitis, chieliosis 
and glossitis were observed in 15.82 percent children. In girls the prevalence of 
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vitamin B complex was 19.10.It was observed to be higher than the boys figure of 
13.13 percent. 
Statistical analysis revealed that 37.02 percent of children had shown clinical 
sign of dental carries.. 
5.6 Iodine Deficiencies 
Eighty five children out of 1218 boys (6.97 %) and two forty nine girls 
(18.25%) out of 1364 were found with the sign of different grades of goiter with total 
prevalence of 12.93 per cent, signifying the existence of iodine deficiency in Aligarh. 
The research revealed that though prevalence was high in the deteriorating 
condition of nutritional status, with highest prevalence 58.97 percent in grade III of 
nutritional status, children with normal category status were not spared as 7.72 
percent children of normal category were also found with symptoms of OB grade of 
goitre, thus calling for an immediate intervention programme to control and prevent 
the iodine deficiency disorder in children irrespective of their nutritional status. 
A slight increase in the rate of prevalence with decreasing income group was 
observed. The high prevalence of goitre in low socio economic status may be due to 
the intake of non iodized sah, faulty food habits (prolong high intake of goitrogenic 
food), ignorance about ill effects of iodine deficiency disorder, and ionization of salt. 
It was observed that socio economic status of people is also related with the general 
awareness regarding iodine deficiency disorder. It is felt that improvement in the 
socio economic status will lead to greater awareness regarding the problem. 
When overall goitre prevalence rate was analyzed according to the food 
habits, it was found that the vegetarians showed higher goitre prevalence 17.53 
percent than the non-vegetarians with 9.18 percent of goitre prevalence. 
On analysis it was observed that the overall prevalence of goitre was low 
(9.94%) in children taking iodized branded sah in comparison to children (19.94%) 
taking non-iodized branded coarse or open salt. 
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Result revealed that 75 27 percent of the iodized salt had an iodine content of 
15 ppm and more whereas none of the crystalline sah samples had iodine content of 
15 ppm and more About 35 27 percent of crystalline salt had no iodine content at all 
On comparison between Iodine content of salt and prevalence of goitre, it was 
observed that almost all the children (194) who were consuming salt with nil content 
of iodine showed different grades of goitre with 25 25 percent on OB grade, 54 12 
percent in grade II and 20 61 percent in grade III category 
On analyses for urinary iodine excretion, only 5 girls (1 83%) were found to 
have UIEL of <2 0 |J.g/dl (severe iodine deficiency) It was found that 3 66 per cent 
and 8 05 per cent have UIEL of 2 0-4 9 i^g/dl and 5 00-9 9 i^g/dl respectively The 
overall median urinary iodine excretion of the girls studied was found to be 11 65 
Hg/dl 
Out of 244 boys studied it was found that only 1 boy (0 40%) showed urinary 
excretion level of <2, and 3 (1 22%) and 6 (2 45%) had 2-49, and 5-9 9 }ig/dl urinary 
excretion level respectively The median urinary iodine excretion level of boys 
studied was found to be 14 60 [ig/dl 
When the total iodine urinary excretion level for both boys and girls (517 
childeren) was analyzed , it was observed that 6(1 16%). 13(2 51%) and 28(5 41%) of 
the children had urinary iodine excretion level < 2, 2-4 9, and 5-9 9 |ig/dl respectively 
In the present study the median urinary iodine excretion of the children studied was 
12 64 (ig/dl indicating that there was no biochemical deficiency of iodine in the 
subjects studied 
The total goitre prevalence rate of 12 93 percent found signifies the existence 
of iodine deficiency in Aligarh city, necessitating corrective intervention on priority 
basis These finding indicates that to achieve elimination of iodine deficiency disorder 
from the city, there is a need for appropriate multifaceted community based 
programmes such as monitoring the quality of iodized salt, improving nutrition 
education about the ill effects of dietary goitrogen and the importance of iodized salt 
The study revealed that in children the major clinical conditions encountered 
were anemia, dental carries and vitamin A deficiencies Infection of skin and eyes 
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were observed to be more common. The higher prevalence of anemia in younger age 
group makes a strong case for continuing iron tablet supplementation from preschool 
to school age group also. The overall higher incidence of dental caries apart from 
poor hygienic care of teeth in children probably reflects fluoride content of drinking 
water and hence necessitates further exploration of this problem. The intervention 
programme of supplementary vitamin and minerals that are mainly focused on 
preschool children should also be imparted to the school age children. The 
observations of the present study suggest that the nutritional status of school children 
in the city of Aligarh is unsatisfactory. Majority of the children were underweight 
and were suffering from various nutritional deficiencies. The overall health condition 
of children was poor and necessitate a routine thorough health checkup for diseases, 
which result in ill health and poor classroom performance. The appalling state of 
health of school children as revealed in this study emphasize the need for establishing 
proper school health clinics in Aligarh city. 
5.7 Limitations 
> No intensive follow up studies could be undertaken. 
> School performance correlates could not be studied. 
> The biochemical correlate like blood spot and TSH could not be studied. 
> Factors such as birth weight, physical activity, and psychosocial aspects could 
not be undertaken. 
> The accuracy of the estimates of nutrient contents of foods consumed was 
based on ICMR tables and other values and could not be individually 
determined in a laboratory. 
> Iodine estimation of water could not be done for samples from all the subjects. 
> Ultrasonography could not be done for assessment of IDD. 
5.8 Future Research Areas 
> The present study should form the basis for a larger, location specific survey 
in the Aligarh district and other regions of Uttar Pradesh and India. 
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> This cross sectional study also open up a basis for further investigation in 
cross sectional as well as longitudinal studies in school children as this area 
needs regular monitoring. 
> Studies need to be undertaken in school children on nutritional assessment and 
environmental correlates in other parts of India. This would reaffirm the 
findings of the existing study and identify other environmental factors that 
relates to nutritional status of children. 
> Multiple factor dietary intervention strategies and their impact is an area that 
requires serious exploration. 
> Studies on environmental factors and nutritional status at family level could 
add to the understanding of interaction of genetic and environmental factors 
and hence deserves the attention of the future researchers. 
> Studies on role of micro and macronutrient in various nutritional deficiency 
diseases are other important areas suggested for fiirther research. 
> Biochemical correlates of nutritional status if thoroughly investigated may add 
to our further understanding. 
> Role of education and intervention programmes on knowledge awareness and 
practices of school children about nutritional status are other variables that 
needs further scientific probing. 
> Investigation on emotions, anger, hostility, low self-confidence, low cognitive 
achievements with nutritional status in boys and girls can also be an area of 
research importance. 
> Research on girls and goitre prevalence as girls are more severely affected is a 
phenomenon that deserves expanded attention of future researchers. 
> The higher rate of prevalence from 5 to 12 years needs further investigation. 
> The findings higher prevalence of under nourishment in girls open new vistas 
for future research. 
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5.9 Proposed Measures 
The study suggests the importance of modern heahhy living styles in the 
young. Meaningful programmes that promote awareness in school children about the 
positive and negative implications of nourishment and under-nourishment, effects of 
the developmental process on the changing environment and other vital health aspects 
are indispensable. Such awareness would bring realization to the children as to how 
the nutritional status controls their growth and personality, their living pattern, 
aspirations, opportunities and their physical and mental health. These programmes 
could help to create confidence in children and build healthy relationships in them. 
Children would then be serious about their diet and equip themselves adequately in 
various spheres of skills, good health and behavior in changing social settings. 
Investments made now would pay later. A more effective human resource would 
developed for the future progress of the country. This could be done with both short 
and long term perspectives through school-based programmes. 
5.10 Short Term Programmes 
> Awareness campaigns in school highlighting nutritional status as a major risk 
factor that causes both physical and mental growth retardation. 
> Focusing on relation of good nutrition and health. Importance of maintaining 
normal anthropometrical standards. 
> Diffusion of information on the known genetic and environmental risk factors 
in children. 
> Relation of IDD and educational achievements. 
> Awareness about nutrition deficiency disease and malnutrition implication. 
5.11 Long Term Programmes 
The long-term programme should be aimed at control and prevention of 
malnutrition in children. This could be achieved firstly, by detecting such children 
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and secondly, by modifying the environmental factors causative of underweight and 
other complications. For this the following suggestions are proposed. 
> Medical health checks of children annually in the schools. These should be 
compulsory and the State Government should support such a programme. 
> Monitoring and follow up of children with underweight. 
> Counseling services to be introduced in schools. These services shall function 
in multiple areas. Firstly for identifying the children at risk, children to be 
tapped are those with underweight, stunting, poor academic achievers, obese 
children and those with goitre symptoms. 
> Creating awareness about small family norms in families having more than 
two children. 
> The promotion of birth spacing method can also help to reduce family size. 
> Counseling on importance of maternal employment and providing guidance 
and correlating opportunities at family level. 
> School meals programme diet to be modified to overcome nutritional 
deficiencies by supplementing additional iodine, iron, vitamin A, B and C and 
other vital nutrients, based on city specific nutrition deficiencies surveys. 
> The school children should be encouraged to take up kitchen gardening and 
poultry rearing as a hobby and extra curricular activity so that family as a 
whole can have access to fresh and nutritional fruits and vegetables, eggs and 
meat. 
The services of expert psychiatrists to be used for vocational guidance, 
particularly for those children who are underachievers and those who fear school and 
studies. Counseling system on general health issues pertaining to nutritional 
disorders, overweight and obesity should be introduced in every school. Dietary 
counseling could create normal, regular and healthy eating habits in children thus 
ensuring better health and growth. 
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Short term and long term programmes thus help to minimize the 
environmental factors associated with malnutrition in children. Implementation of the 
suggested measures would release the stress in children and build confidence in them. 
Proper guidance could help the children to equip themselves with suitable skills, 
according to their own interest and capability. All these measures would help children 
to develop a healthy style of living so necessary for coping with the changing 
environment of a developing world. 
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ANNEXURE -1 (A) 
Distribution of student population in selected 
schools by sex 
S.No. 
1 
2 
3 
4. 
5 
6 
School 
City Boys High Scliool 
Nourangi Lai Govt High School 
(Boys) 
ABK Union School (Boys) 
Abdullah Girls High School 
Sarie Kirni Govt High School 
(Girls) 
ABK Union School (Girls) 
Total 
Male 
2038 
2173 
2102 
-
-
-
6313 
Female 
-
-
-
2068 
2663 
1854 
6585 
Total 
2038 
2173 
2102 
2068 
2663 
1854 
12898 
ANNEXURE -1 (B) 
Distribution of student population in selected 
schools by class 
Class 
1 
11 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
TOTAL 
City Boys 
High 
School 
161 
191 
141 
120 
153 
242 
245 
281 
296 
208 
2038 
Nourangi Lai 
Govt High 
School 
(Boys) 
150 
150 
200 
200 
240 
242 
256 
275 
230 
230 
2173 
Schools 
ABK 
Union 
School 
(Boys) 
131 
146 
168 
120 
319 
378 
381 
257 
172 
30 
2102 
Abdullah 
Girls High 
School 
170 
162 
146 
197 
120 
263 
302 
261 
251 
196 
2068 
Sarae 
Kliimi 
Govt High 
School 
(Girls) 
197 
197 
262 
253 
275 
296 
298 
306 
284 
295 
2663 
A B K 
Union 
School 
(Girls) 
150 
150 
165 
173 
250 
378 
282 
207 
72 
28 
1854 
Annexure-II 
A study of nutritional assessment of urban school 
children of aligarh city 
PROFORMA 
Code No [ ] 
I. General information 
1 Serial no 
2 Name of school 
3 Class and section 
4 Name of the child 
5 Date of birth 
6 Class roll no 
7 Gender 
8 Birth order 
No of siblings 
- Brothers 
- Sisters 
9 Residential address 
10 Religion 
Date [ 
] 
Male/ Female] 
1] [2] [ 3 ] [4 ] [ 5 ] [6][7 ] 
II. Family background 
11 Name of parents 
Father 
- Mother 
12 Education 
- Father 
14 
15 
Mother 
13 Occupation 
- Father 
Mother 
Mother working status 
- Worlcing 
- Housewife 
Type of family 
- Joint 
- Nuclear 
[ ] 
[Illiterate / High School / 
Intermediate / Graduate / Post-
graduate & Professional] 
[Illiterate / High School / 
Intermediate / Graduate / Post-
graduate & Professional] 
[Professional / Semi-Professional & 
service Class / Skilled worker / Semi 
skilled worker/ Unskilled worker] 
[Professional / Semi-Professional & 
service class / Skilled worker / Semi 
skilled worker / Unskilled worker] 
[ 
16 Family composition 
SNo 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Name Relationship Sex Age Education Occupation 
7 
8 
Total family income 
Per capita monthly 
- Class I 
- Class II 
- Class III 
- Class IV 
- Class V 
per month [ 
ncome 
[Rs 2500 and above] 
[Rs 1770 to 2499] 
[Rs 1040 to 1769] 
[Rs300to 1039] 
[< Rs 299 and below] 
III. School performance and personal hygiene 
- Good [ 
- Satisfactory [ 
- Poor [ 
General appearance 
- Good [ 
- Satisfactory [ 
- Poor [ 
IV. Anthropometry 
S. No. Name of the measurement 
1 Standing Height 
2 Weight 
Unit 
[cm] 
[kg] 
3 Mid arm circumference [cm] 
Skin fold thickness [mm] 
V. Clinical examination 
General appearance/conditions 
- Good 
- Satisfactory 
- Poor 
Eyes 
Bright and moist 
Conjunctival xerosis 
Bitots' spots 
Corneal xerosis 
Pallor + [ 
Lips 
Normal 
Angular stomatitis 
Cheilosis 
++[ ]+++ [ ]++++[ ] 
5 Tongue 
- Normal [ 
- Moist [ 
- Pink [ 
- Magenta coloured [ 
- Atrophy [ 
- Giossites [ 
6 Teeth 
- Normal [ 
- Caries [ 
- Fluorosis [ 
7 Gums 
- Heahhy, Pink, Clean [ 
- Spongy [ 
- Bleeding [ 
- Pale [ 
8 Skin 
- Texture - smooth, soft, glowing [ 
- Clean [ 
- Dull [ 
- Scaly [ 
Nails 
10. 
- Healthy - Pink, smooth, shinning [ 
-Flat 
- Clubbing 
Knock - knee and low legs 
Yes 
-No 
11 Pigeon chest 
-Yes 
-No 
12 Goitre Examination (Stanbury's classification) 
- Gr Oa [ ] - Gr Ob 
- Gr I [ ] - Gr II 
- Gr III [ ] - Gr IV 
VI. Biochemical examination 
1 Urinary iodine excretion level 
->10(^/dl) 
- 5 - 9 9 (|i/dl) 
2 - 4 9 (i^/dl) 
- < 2 (|i/dl) 
2 Sah iodine level 
- Above 15 ppm 
- Below 15 ppm 
3 Water iodine level 
- Above 5 mg/litre [ 
. Dietary 
1 
2 
- Below 5 mg/litre 
Assessment 
Meal Pattern 
- Twice/day 
- Thrice/day 
- Four time/day 
Type of diet 
- Vegetarian 
- Non vegetarian 
[ 
[ 
[ 
[ 
[ 
[ 
] 
] 
] 
] 
] 
] 
3 Record of diet Day 1 
Date 
Meal Food Time Place Amount Ingredients 
Content a m/p m (Home/ 
School/ 
Market) 
Breakfast 
School 
interval / 
Tiffin 
Lunch 
Evening 
tea 
Dinner 
Please put a check (V) to the additional items you ate at this meal 
Salt 
Pepper 
Sugar/shakkar 
Mustard 
Salad 
dressing 
Soyasauce 
Tomato 
sauce 
Chilli sauce 
Asli ghee 
Butter 
Jelly 
Jam 
/murabba 
Squash 
Lemon 
Chutney 
Pickles 
Green 
chillies 
Papad 
Tonic/vit 
Pills or any 
Medicine 
Record of diet Day 2 
Date 
Meal 
Breakfast 
School 
interval / 
Tiffin 
Lunch 
Evening 
tea 
Dinner 
Food 
Content 
Time 
a m/p m 
Place 
(Home/ 
School/ 
Market) 
Amount Ingredients 
Please put a check (V) to the additional items you ate at this meal 
Salt 
Pepper 
Sugar/shakkar 
Mustard 
Salad 
dressing 
Soyasauce 
Tomato 
sauce 
Chilli sauce 
Ash ghee 
Butter 
Jelly 
Jam 
/murabba 
Squash 
Lemon 
Chutney 
Pickles 
Green 
chillies 
Papad 
Tonic/vit 
Pills or an} 
medicine 
Record of diet Day 3 
Date 
Meal 
Breakfast 
School 
interval / 
TifFm 
Lunch 
Evening 
tea 
Dinner 
Food 
Content 
Time 
am/p m 
Place Amount Ingredients 
(Home/ 
School/ 
Market) 
Please put a check (V) to the additional items you ate at this meal 
Sah Salad Ash ghee Lemon Tonic/vit 
dressing 
Pepper Soyasauce Butter Chutney Pills or an\ 
Sugar/shakkar Tomato Jelly Pickles medicine 
sauce 
Mustard Chilli sauce Jam Green 
/murabba chillies 
Squash Papad 
Food item Amount 
(1) 
(2) 
(3) 
(4) 
(5) 
Cereal 
- Rice 
- Wheat 
- Jawar 
-Ragi 
- Maize 
- Others 
Pulses 
- Tur daal 
- Ghana daal 
- Urad daal 
- Moong daal 
- Other 
Milk and milk product 
-Milk 
-Curd 
- Butter 
- Butter milk 
- Others 
Vegetables 
- Green leafy vegetables 
- Roots and tubers 
- Other vegetables 
Meat and meat product 
- Mutton 
-Beef 
- Fish 
- Poultry 
-Egg 
(6) Fnjits 
(7) Sugar and jaggary 
(8) Fats and oils 
(9) Any other food items 
5 Type of salt used 
- Powdered 
- CrystaUne 
-Both 
6 Goitrogen intake 
a Type 
- Cabbage 
[ ] 
- Turnip 
[ ] 
- Lady's finger 
[ ] 
b Frequency 
- Once a week 
[ ] 
- Thrice a week 
[ ] 
General Remarks 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
] 
] 
] 
] 
] 
- Cauliflower 
- Maize 
- Others 
- Twice a we( 
- None 
ANNEXURE-III 
Reference body weights and heights of well to do 
Indian children according to ICMR 
Age 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
(Years) - BOYS 
Height 
(cm) 
113 51 
118 90 
123 3 
127 86 
133 63 
138 45 
143 35 
148 91 
154 94 
161 70 
165 33 
Weight 
(kg) 
19 33 
22 14 
24 46 
26 42 
13 00 
32 28 
35 26 
38 78 
42 88 
48 26 
52 15 
ICMR 
GIRLS 
Height 
(cm) 
121 24 
11773 
122 65 
127 22 
133 08 
138 90 
145 00 
150 98 
153 44 
155 04 
155 98 
Weight 
(kg) 
18 67 
21 56 
24 45 
25 97 
29 82 
33 58 
37 17 
42 97 
44 54 
46 70 
48 75 
Source ICMR 2000 
ANNEXURE-IV 
Reference body weights and heights of children 
and adolescents according to NCHS 
A QP iVparQ^ 
i x g C ^ 1 C^ Cll oj 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
BOYS 
Height 
(cm) 
109 9 
116 1 
1217 
127 0 
132 2 
137 5 
140 0 
147 0 
153 0 
160 0 
166 0 
Weight 
(kg) 
187 
20 7 
22 9 
25 3 
28 1 
31 4 
32 2 
37 0 
40 9 
47 0 
52 6 
NCHS 
( 
Height 
(cm) 
108 4 
1146 
120 6 
126 4 
132 ] 
1383 
142 0 
148 0 
155 0 
159 0 
161 0 
3IRLS 
Weight 
(kg) 
17 7 
19 5 
21 8 
24 8 
28 5 
32 5 
33 7 
38 7 
44 0 
48 0 
51 4 
Source NCHS 1987 
ANNEXURE-V 
Gomez's classification 
Classification is based on weight retardation It locates the child on the 
basis of his or her weight in comparison with a normal child of the same 
age 
Weight of the child 
Weight for age (%) = X 100 
Weight of a normal child of same age 
Between 90 and 110 Normal nutritional status 
Between 75 and 89% T' degree, mild malnutrition 
Between 60 and 74% 2"'^  de gree, moderate malnutrition 
Under 60%) 3"^  degree, severe malnutrition 
Waterlow's classification 
When a child's age is known, measurement of weight enables 
almost instant monitoring of growth; measurements of heights assess the 
effect of nutritional status on long-term growth Waterlow's classification 
defines two groups for protein energy malnutrition 
- malnutrition with retarded growth, in which a drop in the 
height/age ratio points to a chronic condition - shortness, or 
stunting 
- malnutrition with a low weight for a normal height, in which the 
weight for height ratio is indicative of an acute condition of rapid 
weight loss, or wasting 
Height of the child 
Height forage(%) = X 100 
Height of a normal child of same age 
Weight of the child 
vvcigiu lui i i c j g m y/a) 
Nutritional Status 
Normal 
Mildly impaired 
Moderately impaired 
Severely impaired 
Weight of a normal child at 
(% 
Stunting 
of height/age) 
>95 
87 5-95 
80-87 5 
<80 
(% 
same Height 
Wasting 
of weight/height) 
>90 
80-90 
70-80 
<70 
Source Park & Park , 1991 
ANNEXURE-VI 
B.G. Prasad's modified socio-economic 
classification with price index correction (2000-01) 
SNo 
1. 
2. 
3 
4 
5 
Social class 
Class I 
Class II 
Class III 
Class IV 
Class V 
Per capita monthly income 
Rs 2500 and above 
Rs 1770 to 2499 
Rs 1040 to 1769 
Rs 300 to 1039 
Rs 299 and below 
Indian Economic Survey 2002 
ANNEXURE -VII 
Classification of occupation 
Professionals: 
Semi Professional / 
Service class: 
Skilled workers: 
Semi skilled workers: 
Unskilled workers: 
Engineers, Doctors, Advocates, Teachers, 
Businessmen, Executive Officers 
Tectinical Assistants, Accountants, 
Paramedical staff: nurses, govt, employees 
Technician, Supervisors, Library staff. Junior 
govt staff. Small farmers. Contractors 
Shop keepers. Drivers, Painters, Carpenters, 
Plumbers, Electricians, Masons 
Bearers, Chawkidar, Gardener, Vendors, 
Labourers, Cooks and other IV grade 
employees 
This broad classification has been done on the basis of information 
provided by the respondents about their parent's occupation. 
ANNEXURE-VIII 
Balanced diets for 5 to 15 years old children 
Food items 
Cereal 
Pulses 
Green leaf}' veg. 
Other veg. j 
Roots & tubersj 
Fruits 
Milk 
Meat 
Sugar&Jaggery 
Fats+Oil 
5-t 
Veg 
(g) 
200 
60 
75 
50 
50 
250 
40 
25 
) yrs 
Non-
veg 
(g) 
200 
50 
75 
50 
50 
200 
30 
40 
25 
7-S 
Veg 
(g) 
250 
70 
75 
50 
50 
250 
50 
30 
' yrs 
Non-
veg 
(g) 
250 
60 
75 
50 
50 
200 
30 
50 
30 
10-12 yrs 
Veg 
(g) 
320 
70 
100 
75 
50 
250 
50 
35 
Non-
veg 
(g) 
320 
60 
100 
75 
50 
200 
30 
50 
35 
13-15 yrs 
(boys) 
Veg 
(g) 
430 
70 
100 
75 
75 
30 
250 
30 
35 
Non-
veg 
(g) 
430 
50 
100 
75 
75 
30 
150 
30 
30 
40 
13-15 yrs 
(girls) 
Veg 
(g) 
350 
70 
150 
75 
75 
30 
250 
30 
35 
Non-
veg 
(g) 
350 
50 
150 
75 
75 
30 
150 
30 
30 
40 
Source: Nutritive Value of Indian Food, ICMR, Hyderabad, 1989. 
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ANNEXURE-X (A) 
Household measures and standardization 
Item 
1 
2 
Utensil 
Katori 
Glass 
Size 
Small' 
Small^  
Small^  
Small^  
Medium' 
Medium^ 
Large' 
Large^ 
Large^ 
Extra large' 
Small (tea glass)' 
Small (year)^ 
Medium (Steel)' 
Medium (Steel)^ 
Medium (Steelf 
Medium (Steel)'^  
Medium (Steel)^ 
Medium (Steel)"^  
Dimension 
(Dia xh t ) 
7x2 5 
8x3 
7 5x3 6 
7x4 3 
8x3 5 
8 5x4 
9x3 5 
8 5x4 2 
9x3 8 
9 5x4 
10 5x5 
6 5x8 5 
6 5x10 2 
7x112 
7x11 
7 5x11 5 
8x11 5 
7 4x11 
7 7x11 
Weight 
Equivalent 
(g) 
100 
150 
160 
170 
180 
200 
220 
220 
240 
270 
350 
130 
200 
220 
320 
350 
300 
275 
350 
ANNEXURE-X (B) 
Food standardization 
Foodstuff 
A 
1 
2 
3 
4 
5 
6 
7 
B. 
1 
2 
3 
4 
5 
6 
C. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
CEREALS 
Chapati 
Paratha 
Pun 
Maize Chapati 
Rice 
Dalia 
Noodles 
PULSES 
Channa dal 
Rajmah 
Lenfil 
Mixed pulse 
Soyabeans 
Nutrinuggets 
VEGETABLES 
Cauliflower 
Frenchbeans 
Bottle gourd dry 
Stuffed bitter 
gourd 
Brinjal (dry) 
Ladies finger 
Colocasia 
Raddish leaves 
Spinach (dry) 
Spinach sag 
Mustard Sag 
Ladies finger 
Household measure 
Small (2x14 cm 
Medium (3x16 cm) 
Large (3 5x18 cm) 
V Large (4x19 cm) 
Extra large (5x20 
cm) 
Small (3x14 cm) 
Medium (4x 16 cm) 
Large (4x18 cm) 
Small (3x14 cm) 
Medium (3 5x16 cm) 
Large (4x16 cm) 
Medium (4 5x20 cm) 
Large katon (one) 
Large katon (two 
Medium katon 
Large bowl 
Medium katon 
Medium katon 
Medium katon 
Medium katon 
Medium katon 
Large katon 
Medium katon 
Medium katon 
Small katon 
2 piece 
Medium katon 
Medium katon 
Medium katon 
Small katon 
Small katon 
Medium katon 
Medium katon 
Small katon 
Raw wt 
(9) 
20 
30 
40 
80 
120 
45 
60 
90 
15 
40 
50 
100 
40 
80 
20 
50 
30 
40 
20 
30 
30 
13 
100 
100 
150 
100 
100 
100 
100 
75 
125 
125 
100 
100 
Cooked wt 
(9) 
30 
45 
60 
120 
180 
60 
75 
310 
25 
60 
75 
130 
140 
285 
125 
150 
120 
175 
120 
150 
150 
120 
(10 chunks) 
115 
80 
90 
80 
85 
80 
75 
70 
50 
50 
125 
75 
ANNEXURE- XI 
Stanbury's classification for grading of goitre 
Grade Oa. Thyroid not palpable or if palpable, not larger than normal 
Grade Ob: Thyroid distinctly palpable but usually not visible with the 
head in a normal or raised position, considered to be 
definitely larger than normal, at least as large as the distal 
phalynx of the subject's thumb 
Grade I Thyroid easily palpable and visible with the head in either a 
normal or a raised position The presence of a discrete nodule 
qualifies a patient for inclusion in the grade 
Grade II Thyroid easily visible with the head in a normal position 
Grade III Goitre visible at a distance 
Grade IV Monstrous goitre 
Source Stanbury, 1994 
ANNEXURE - XII 
Urine iodine excretion level and stages of severity 
Stages 
0 (no iodine deficiency) 
1 (mild) 
2 (moderate) 
3 (severe) 
Median urinary iodine 
Excretion (|ig / dl) 
>10 
5-9 9 
2-4 9 
<2 
Need for correction of 
iodine deficiency 
Important 
Urgent 
Critical 
Source ICCIDD / WHO / UNICEF 1994 
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